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1667. Hay, Walter, Saft>lk Works, Berkley Stne«| Binuingham. 
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1859. llaylor, WDUan, Bart fiidiu Inn Oompiuiy, Beypoor: (or mn of 

B, J. BuBMB, 8 AxiBtin FriMi^ LoBdoo, B.a) 
1847. MoCOmii, John Bobbuon, 17 Gmt Qmtgi 8tiwt| Weslmiiattr, 8.W. 
1847. KoOoonel], Jauimi Bdmrd, Looomolifo SaperintBndao^ Loodoa and 

NoHli WaMam Btllmy, Wotoartoa. t 
1859. HbKflosia^ Jolm, lMBU»tifa SapetbOaadtott Qtfoid WoMCrtar and 

WolTerhampton Baflmy, Wonaatar. 
1858. Vaft, Ihomaa, EagiiMar to tlie lEUver Wear OasBmisiioiMni Sondolaiid* 
1 857. j^Tcnelnus, Willmin, Dowlals Iron Works, MimcOxft TfdffL 

1857. Metford, William Ellis, Flock ITou^e, Taunton. 

1847. Middk'tnn, William, Vulcan Iron Foundry, Summer Lane, Birmingham* 
1853. Miller, George Mackcv, Great Southern and Western Baihraj, Dttlilin. 

1847. Miller, Joseph. Mill Ellers, Dalston, near Carlisle. 

1850. Mitchell. Cliarles, Iron J?hip Buililinf; Yard, LowW-Jker, Newcaslle-on-Tyue. 

1858. Mitchell, Jume^, Melrose Cott^ige, Fluindtead Coaanon, \\ ooiwich, S.B. 
1859i Moor, William. Engineer, Hetton '(!k>Uiery, Helton, near Fence Uuuses. 
184u. Morrison, Robert, Uuseburu Eugiuc Worlc^, Ke>vcastle-on-Tyne. 

1858. Mouutaiu, Charles George, Suffolk Works, Berkley .Street, lUrmiogliam. 

1857. Mowbray, Fredeifok WflUam, Queen's Qate, Bradford, Yorkahire. « 

1857. Mnnta, Oeoiga Fradariak, IVanali WaB^ naar Bfeaatnghaaa. 

1866. MnntB, Gaoiga Hanri Mave^ 8 lAnadowiia Itefaaa^ ITaBiliwwilli. naar 
BlrmiDghani. 

1859. Mnipby, Jamea* Bailwaj Woria, Kewporti TSauoMlitMn. 

1858. Kanay, llKiiBaa H., Engiaa Worka, Oheate'la-Stvoati naar Bteoa Hooaea. 

1848. Napiar, Joihn, Tnloaa IVyandij, Hiaagiw. 
1858. Kapler, Bobert, Vnloan Foondry, Glaagow. 

1858. Kaylor, William, Gicat Indian FanliMaln Baihiaj, Z Kair Bfeand Straat, 

London, E.G. 

1856. Kewall, Jamee, Baal Lanoaahiia Bailwajf Oantaga DapariBMnt| Bmy* 

Lancashire. 

1868. Niohol, Peter Dale. East Indian Railway, Locomotive Department, Howrah, 
Calcutta: (or care of Anihmy Nichol, Quay Sida, Newcastta-on-l^yna.) 

1851. Nixon, Charles. 3 Victoria r^trect, Westminster, S.W. 

1850. Norris, liiehnrd Stuart, London and Korth Western Bailway, Eagtneer's 

Offiee^ Liverpool. t 

1847. Owen, William, Messrs. Sandford and Owen, Phoenix Works, Hotherham. 



1859. Faquin, Jean Francois, Locomotire Superintendent, Madiid Sarogoasa 

and iUioante Baihfi^ Madiid. 
1858. FiiUnaon, John, Vialoiln Itaa wd dapper Watka, TamnAtwm. | 
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ISfiS. BvmBdmdJ.^lBMiirti'kBiUfBimdk^ihnn. 

1S47. Ftaoook, Biehaid, Metm. Bejvr BHMock & Co., Gorton, near M«ioharter« 

1848. Pearson, John, LItit Iroa Wtnlcg, Boundary Street, Liverpool. 
1868. Peet» Hemy, Lnwwtg «d Owlitto BailwajF, LoooBU»tiv« Dq;MBtn«it| 
I Carlisle. 

1856. Perring. John Sha/bf hmldmt Saffiamt, £fti4 LwMMlkire iteihmj, Buy, 

Lancashire. 

185fi, Pigj^'ott, George, Birmingluim Ifeath Boiler Work.^, Birniinghaia. 

1854. Pilkiugton, Richanl Tim., St, Helen's Iron Works, St. Helen's. 

1859. Pini. Jonathan, Locomotive bupeEmtendeut, Waterford and lamwiok 

Railway, Limeriek, 
1859. Pitts, Joseph, Old Foimdiy, Stanuiuglcy, near L«edji. 
1852. Plant, Reuben, Pensnett Collieries, Brierley Hill, Worceslerblure. 

1850. nitt^Jofal^HMo>d Ironworks (Udhaiii. 
1856. FoDaid, John, IfldlMid toslkMl iVKiadry, LttdiL 

1859. Boftar, Jc^ Bmimm^ Im Boofias Worici, Otm Sl w t, Bbmingham. 

1858. PMfam, Aaadi, Aaooate Bridge Wailai, liMok, VtmilMfler. 
1848. IW o i i,Bob<rtBMik)«> lOAbwiewtttteggMW^ Mfwpooi. 

^ 1855. FlktoMO, IhodBM Sjmesi 8S duiiiig Okmms Loadcm, B.W. 

1847. Buasbottam, Jolm, Looonottre B apertato udaDt^ London lad Koitli 

Wwten Bailwfty, Crewe. 

1859. Bennie, George Banks, 21 mitchall Place, Westminfftir, B.W. 
1856. Bichardd, Joeiah, Ebbw Vale Iron Work*, near Tredegar. 

1858. Richardson, Thomas, Hartlepool Iron Workfs Hartl^pooL 

1859. Richardson, William, Hartford Iron Works. Oldham. 

1848. Robertson, Henry, Shrew.-*bury and Chester Railway, Shrewsbury. 

185l», Robinson, John, Mcs-srs. Sharp Stewart and f)o.. Atlas Workw, Jtlanchcster. 
l^iiob. Hobson, Jonathan, Blackwaii Engine and Iroa Ship Building Works, 
Gateshead. 

1852. Rofe, Henry. Engineer, Birmingham Water Works, Paradise Street, 

Birmiughani. 

1851. ikogers, Ebeneser, Abercam, near Newport, Monmouthshire. 
1851. BoUnsoD, TboniM, WelUngtoii Boftd, Dadky* 

1858L toayne, Joseph P., Hirboiir HUl, QuMBstofm, Ooik. 

1858. Bom, Mb, Mmim. Btoom XiuBlMlb oad Oo., BrHunk Cinlo«e Works, 

Birmlngliam. 
lB6f BoMe^MflriflkyCbwtllorttMmBidh^^ 

1867. BoQiMge^ WiUiam, Hew Bridge FoimdiT, Sellbrd, Menolieitir. 
1858. BaHe], Mwt, CHooniy !Bm«% Wetanlde, L o nd onde r ry. 
1847. Bnewlli Jolm Seoft^ 90 Cheat Qeoige Street, Westakintter, S. W. 

1868. i^der, Mm, KoEfhoote^ Obnge ASkf Obtaaibmh U Ooeniau, London, l.a 
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I8o9. Saci«, Charles, LocomotiTe SupaifiitaDdent, Manolfcirtur SlMffiatd mmI 

LinoolilBhire BttOwftj, Gorton, now MtnobmUn, 
1809. 8alt» Qoorgo, Saltain, JMtr BmdlM, Torioliln. 
I84& Sunnal, JamM, 26 Qtmk Omtgi O te o <i » Watadiiatar, 8.W. 
1807. awmidiop, Alejcandar, Soott Street Fonndiy, HulL P 

1857. SMUMlMa, UiMrtiii, Soott Street S^oundiy, HolL 

1858. Soot^Joecpl^1lieain.B.fcW*Hftwtlk0ni,]!\^ 

1848. 8eot«» MiolUMil, 88 Oiwt Geoige Slrcel^ Weetmfntlar, &W. 

1867. Selby, Oooiife 11ioaBM» SBBflUiwiak Tube Work% Blnniiii^Miii. 
185<1. Shanks, Andrew, 6 Robert Street, Adelphi, London, W.C. 

1856. Shelley, Charles Percy Bysshe, 21 rarliameat Street, Wmtnimtn, S.W. 

1859. Shattioworth, Jo«eph, Stamp End Works, Linooln. 

1861. Siemens, Charles William, B Urtuit Geor<,^o Slroet. Westmineter. S.W. 
1847. Sinclair, Roltcrt. Flagtcrn Counties Railway, Stratfonl. I.oTitloi). K. 
18.'7. Sinclair, Robert Cooper, Tame VaJley Colliory. W'iluecote, near Tannvorth. 
Slater, Isaac, Roiulon and North Western Railway, Carriage Departmenti . 
Saltley, near I'iriningham. 

1853. Slaughter, Edward, Avonbi<le Iron Works, Bristol. 

1859. Smith, Charles Frederic btuart^ Miumg Eugmoer, Ciuder Hill, near ^ 
Nottingham. 

1854. Smitli, George, WeUingtoa Boad, Dodlflj, 
1847. BadHSbt Henry, Spring HOI Woike» Biimipgham. 

1868. Bmith,leaao,88lMuiaaler8lmel^Biniili^^ 

1847. BUittlit /oiUli Hmmia, inniidnojn End FumaoaBi Dodkf. 

1850. Smith, Matttmr, IMej Street Wire MiOe, Binuiagluyii. 

1857. Smith, WOlian, 19 SalUbwy Stnel^ Addphl, London, W.a 
1867. Snowdon, Thomaa, ^ms Side Iron Woiica, Middleeboiough. 

1869. SokoiofT, Ci^ Akocander, Bngineer, Buaaian Imperial Serfiet^ Steam 

Marine Department, Cronetadt. 

185a. Soreoaen, Bergerius, Engiueer-in-Chie^ Bc^al JHwwt^buk Hvrj Depart- 
ment, Uorten Dockyard, Norway. 

18o9. Spencer, John Frederic, 1 Adelaide Place. London Bridge!, liOndon, S.C 

1853. Fpenoer, Thomas, Old Park Works, near Shitinal. 

1854. fejiencer, Thorons, Newbnm steel Worlui, Ne\vc!i>-tle-(>ii-Tyno. 

l«5r>. Sten!«on, William, Jun., Whitwick Collieries, near A.sliby-tle-la-Zotich. 
le(59. .Stuvv;urt, Charlca P., Meears. Sharp Stewart and Co., Atlas Works, \ 
Manohoster. 

1851. Stewart, John, BlackvraU Iron Works, liutkMil Street, Blackball, 

London, E. 

1867. Stokes, Lingatd, Looomotlva Soperiatandent, Boat LidiaB BaDway, 

Onnrab, Oalentta. 
1869. Swin^, IhomaB, Visloria Foondiy, Lilshwoh, near Ikriqr. 
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1869. Tannett, Tlionmp, Victoria Foundry, Leeds. 
1858. Taylor, Jfinies, Claroncc Iron Works, Locds. 
1858. Taylor, Jaraea, Britannia Works, Cathcaft Street, Birkcuhwid. 

1858. Taylor, Thomas John, Earsdon, near Newcastle-on-Tyne. 
1848. Thompson^ Isaac, QueeoHfen^' CoLlierj-, near i lmt. 

1857. Thompson, John Taylor, MessxB. B. and W. Hawtiiom, Forth Banks, 

18S7. IlMBnpBon, Bobert, Haigh ITovDdrjr, nan Wlgwu. 
18fiS> TluHnioOi Q60i|gM^ Gtoolclii(f liraii Woriti^ WMttnorawkdi* 
1888h IlMmiMai, Wi]IiaBi> Jim., Baflmif Fcmndiy, Hormaaton. 
IMS. HmhiiIqii, B6b«rl» 8k LeooMd'a Iroii WoAa, Bdinbnigli. 
1847. ThontoB, Sinmel, Bmdftcd Stnti, Bfrnrfiigbain. 
19S7» Tomttnson, Jomfij, Jm, Tioeamotlye Soperlnlaotol^ Taff Vale BaOimyt 
Cardiff. 

IttW. Ibil^ CtoQige, LoooDMittve Siqpetint^^ 

Maryport* 

1856. Truss, Thomas, Shmnboiy and Chester BaUway, Garriags Departaent, 

Chester. 

1859. Turner, Edwin, Bowling Iron Works, near l^radford, Yorkshire. 
Tnrton, Thomas Burdett, Sheaf Works, Slioflield. 

1866. Tyler, Capt. Heiin^ \\'lieetloy, B^, KaUway Department, Board of Trade, 
WhitehaU, London, &W. 

1666. Vernon, John, Iron Ship Building Yard, Brunswick Do^k, liverpool. 

1856. Waddington, John, Neir Doek 1r» Wofks, Lssda. 
ISMi Waddiiigtop, Thomas, New Dook Iron Works, JLeeds. 
1847. Walhsr, Tbomai^ Pfetant Sliall WotkSy Wsdnasbiiix. 

1868. Waller, William, UddingBtone^ mar OfaHBOw. 

1866. WardK Ohadsa WettMrdl, Bogme Bnglne Worki^ Huislet» Lssds. 
186S. Warliam, John B., Inm Works, Borfton-on-XtaDt. 
1847. WeaDsDs, William, Msosni. B. Stephsnson and Go., 8o«th 8trael» 
Kewoastle-on^Tyne. 

1857. West, Frank W. S., East Indian Bailway, Calcutta. 

1856. Wheeldon, Frederick B., ITighficld.s Enj^fnc Works. Bilston. 
1859. Whitham. .Tnmes, Porpcverance Iron Works, Ivirkstall Ro.a'l, Le<'(l3. 
1859. "Wliithatii, Joseph, Fereeverance Iron Works, Kirkstall Boad, Leeds. 
1847. \\ luUvorth, Joseph, Chorlton Htreet, Mancliej^tcr. 

1869. Wickhani, Hcury Wiokham, ILP., Low Moor iron Works, near Bradford, 

Yorkshire. 

1660. Wickham, Lamplugh Wicklnun, Low Moor Iron Works, near Bradford, 
Yorksklra. 



Digitized by Google 



ZTIU. 



uiT OF vsxans. 



1847. WUliamii, Richard, Patent Shaft Workt>, Wgdnesbuiy. 

1869. WiUiams, Richard Prioe, QnU Sofflm Bulimf, KogilM*^ OAo«^ 

King's Cross, London, N. 

1850. Williams, Walter, .Inn . Alhton Iron Work«, Westbromwich. 

18^ Williams, William, LouUuu and North Wddtem Bailwaji ix)comouve 
Dei)artinent, Crewe. 

leioO. Wilson, Edward, Oxford Worcester and Wolverhaiuptou Railway, 
Worcester. 

1858. Wilson, Edward Brown, 86 Fiadiament Stnet, Westminiter, S.W. 

18B9. Wflflon, George, 5tan. f*™^"^ and On., Cydotw Steel Woiki, flMWd. 
1867. ¥7111011, Joliii, Spring Worici, HOI Top, WcitiMHitawloh. 

miMD, JoMpb W., 9 Biwirtnghim SCnad, London, W.a 

1867. miaoo, Bober^ Bildgeiniler Ifoandiy, IMriorofly noor Mtnohorter, 
1869. Winter, IhomM Bmdbiuy, 98 Vootgnto Streol^ Ijoodon, X.O. 

1868. Wood, Kloholaa, Hetton Hill, Hotton, noir Iteoo ISaotm, 

1848. Woodhooie^ Hemx, London and North Woetem BvUwnj, flteftmL 

1851. Woodhouse, John Thomas, MidlMid Bond, Derby. 

185S. Woods, Hamilton, Messrs. Allsopp and Sons, Bnrten-onpf^wnt 
1 8.')!). Wright, Beqjamin, Saltley Works, Birmingham. 
1848. Wright, Henry, Saltley Works, Binniugham. 

1859. Wright. To cph, Saltley Works, Birniiugham. 

1859. Wrigley, 1* rHncis, Queen's Chamber.-^, 5 Market Street, Manchester. 
1863. Wymer, fiaucis W., 5 Heaton Terrace, Elwick's Lane, 2^'ewcastle-on-Tyne. 

lb56. Yarrow, Thomat>, Loooiuotive Superiuteudeui, Soottibh JSorth Easierij 

Railway, Arbroath. 
1866. Toong, John, Hope Villa, WoodlMNue Lame, lieeds. 



HONORARJf MEUBKRS. 
1848. Bfasaon, Qaonije^ Befanont Bow, ttmini^anu 

1866. Bndden, WilUain Htas^hiyei^ Helen. B. flkplieBeoii and Oo., Bootli 

Street, Mowoastle'On'iyQo. 
1861. CSare, Thomas D^ldn, lOdlaad Bailwaj State, Lawlqr 

Birmingham. 

1848. Crosby, Samuel, Leek Street, Binningham. \ \ 

18o0. Owvther, E<1wiii, Belmont T?o\v, Birmingham I 

1857. Hawkes, William, Eagle Fuuuclry, Broa<l Street, Birmingham. | 
185U. Holroyde, John Bailey, Cheapfcidc, llalilax. I 

1858. Lawtou, Beiyamiu C, (Jraiuger btrcei, Ne\vca.stle-on-Tyne. 
1866, Marshall, John, Low Moor Iron Works, near Bradford, Vork^hnc 

1848. PMo^ Sir Somnal Morton, Bart, 9 Great George Street, Westminster, S.W. 
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1866. Pettifor. Josieph, Midland Eailwny, Derby. 

IdMk Shernff, /Ucxunder Cluues, General Manager, Qiloid Mfonmbat and 

WolvorhfiTiiptou Railway, Worcester. 
1856. Sii _1 i( 11, ^\ illiam, Dock Str^t, Leeds. 
1848. W arden, N\ iliiam Marstoo, Edgbaflton btreet, fiirmmghaia. 
l^Q, WaterhouftO, Ihomaa, ClAremont Place, Sheffield. 

HONO&A&Y LIFE li£MB£fi& 
Bo^lgkiiitoii, Hafton, Kutorfeid Boue^ GfW* dowei fitnet, Higher 

1800. LmUmt, John XowMod, Lerayxnpe Hall, nmr Leeds. 

GRADUATES. 

GlydoD, Georg% 8!pifBg fiUl Tolw and MeM WoiIe% 8tewC» 

Birmingham. 

IMl. Fotta, Jolm Xhoipe^ 4 OnaosBt Flaoe^ The Oiova^ OMnbeml], Snmff, 0. 
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PE^OCEEDIMaS. 



J^ABT 26, 1859. 



TheTwiLfTH Akkual Gxvibal Murnro of the Memben wu 
beld at the house of die Ihetitntioii, NewhaU Street, Binmngham, on 
Wiedneedsy, 26tfa JanuBiy, 1859 ; Jomr Psxm, Esq., President, in 
tlie Chair. 

The Minutes of the last General Meeting were read by the Secretary, 
and confirmed. 

The Secretaiy then read the following 

ANNUAL KEPORT OF THE COUNCIL. 

1859. 

The Comcil haTe great pleaeure, on this oeoasum of the Tiretfth 
AnmrerBary of the Instlttriaon, in congratulating the Members on the 

Batisfactorj position and successful progress of tlie Institution. 

Tlio Financial statement of the afVairs of the Institution for the 
year ending 31st JOecembcr, 1858, 8ho?ra a balance in the Treasurer s 
hands < f € 1*25 18«. 8<{., after the payment of the accounts due to that 
date. The Finanoe Committee haye examined and checked the reoeipte 
and payments of the Inatitiition for the last year, 1868, and report 
that the foUowing Balance Sheet rendered by the Treasorer is oorreet. 

C See Balance Sheet appended.) 

The Oonndl report with great aatiefiBction the continued increase 
in the number of Members lhat has taken place during the last year, 
the total number of all dasses ibr the year being 841, of whom 16 are 
Honor a r) Members, and 2 are Qradnates. 

c 
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The Council liftve to veport iSM deoeaae of Itn Moniben of ih» 

Institation during the past year, namely : — 

Thomas Fobayih, . . . Mauchester. 

JoHM Hbvdbbsok, . . . Smetliwiok. 

ALrRBD SfAinflTBBBT Ju, London. 

Jaxbs MaoQbboob, . • London. 

Fbidbbio GnoBCiB Spbat, Si. Petenborgli. 

The Council hare the pleasa^ of acknowledging the following 
DonftdonB to the Libzary of the laetitation dniing the pest yeer, and 
expressing their thaakf to ihe Donon for the Talnnble end aooeptahle 
additions they have piesented. The Coondliridi to nige eipeoiaDjon 
the attention of the Membera the important adnuitage to the Instita- 
tion of obtiiining a good collection of Engineering Books, Drawings, 
and Models, for the purpose of rcferpnce by the Members personally or 
by correspondence ; and they trust that this highly desirable object 
will be supported by the Members generally, liiat by their united aid it 
may be effiaiently aooompliahed. 

UBT OF DQNATIOKS TO THB LIBRABT. 
Bflpoit on fhe Belhnje of flw United Btatea^ by Oapk IKnq^ CkdloB, S.E.S 
ftom the Aiithor. 

KaaiMlof A|>ii]jedlfMhaiik«»byFraAHiirW^ from flu 

Author. 

On the Beelstance of Tubes to OolhqpBe, by William Fairbaim ; from the Antiior. 
Bi^nmcTits to dftcnnine the properties of some mij:taz8B of OMt Ifon and 

Nickel, hy William Fairbaim ; from the Author. 
Bqports of the British Association for the Advancement of dOtenoe, M Tohnaas 

from thr; comnioncGment ; from the Ai^oclatton, 
Memoirs of tlio Fronch Institution of Civil Kngioettlt 10 V<dttmefl complete from 

the commeuccmcnt ; from the Institution. 
XransaotiouB of the Bojal iSoottigh Sooiety of Arts, Vol. V. l:'art L ; from the 

Society. 

Memoirs of the Literary and Philosophical Society of Manchester^ VoL XV. 

I'art I. ; from thid Society. 
tYtnaaetiona of the Inititatioii of Bngineers hi Soothmd; from the LutitatioB. 
Prooeediug:i of fhe Soolfa Wales Inalltate of Bngiiieatsi from the lutttiite. 
Jennuloftiie BoeMyof AiIbi frem the Soeie^. 
The Artfean SmmA; tnm tiie Bditor. 
The dvil Knghiesr and Arehlleot^t Jonml; from the Xdttor, 
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Hid UmAom Jonaal q# Arte j fton Oe Sdlter* 

Hm MachMitet* Mtgariiid; from Ite Bdilor. 

The TmtIM MMhanlo's Joantl; from tih* Idltor. 

Tbe BBgiiMer; from tlw Bditor. 

llie lOtaing Jooiiiil ; taa ttM Bdilor. 

The RaOway Becord ; from the Edttor. 

Bqgrayings of the Great Eastaiti Steam Ship, and of the Bullai MonlrHng 

MaohiDeiy at Woolwich Araaoal; from Mr. William Smith. 
Model and SpeoimeoB of Wood Bearingi for Sorew ProiteUor Shifts; from tho 

President. 

▲ Standard DecimnI so.inch Steel Mea«ux«, aod ft Dociioftl Wire Qauge; from 

Mr. Joseph Whit worth. 
^eeimeiM of the Davy, Stephenson, and Clanny Safety Lamps; from 
Mr. Nicholas Wood. 

Specimens of work from Wouii-cutttng Mftohinery at Woolwioh Arsenal; from 
Mr. John .Vuderaon. 

£yp«cimau of XJchi^us Ca^ Steel wid of the ^roccfifiee of its manufacture ; 

ikom Mr. Thomat ^penoer, 
MbM of » wjf'Htipg Boik^Feiding Appantot ; tnm Mr. John Piekiiig. 
Bpeefanen of ft Stem X«gtne lodioator and Wfttdhmaii*a Dsteotor; from 

Mr. Alfred Kaii^ 
Hodcleof anew eonatnietionof Balhraj SpiiDg; flnm Mr. Tbomaa Hont 
SpeeiBMHia of Iiidia^iihlMr "Fiiimp YalTw ; from Mr. John Hoakfag. 

Hie GonnoQ hm gnai lafiafiMStioiiiii refarnngto l3iolaig«iuimber 
of papen ihst Yato hmn Immglit before Hie Meetings daring the year, 
and tlie practical value ami interest of many of the commu uicat ions , 
T^liicii form a valuable addition to tho I'ioceedings. The Council 
request the special attention of the Members to the importance of 
iheir aid and cooperation in oanying out the objects of the Inatitutioii 
and maintaining its advaneed poaitiony by contributing pftpen on 
Eoglneertng aatgeeiB that hxre come under tbeir obaenration, and 
oommonicating the partiedlara and leanlia of ezecated works and 
praetka! experimeotB thai may be Borvioeable and interesting to the 
Members ; and the Council invite commnnications upon the subjects 
in the list appended, and other subjects advantageous to the Institution. 

The following Papers have been read at the Meetings during .the 
last jear:— » 
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On aa liBpiMfrad qvlcm of MoaMing and OlMtlBg; hf Xr. BolMrt Jobaon, of 
Woiddc^. 

DsMriplioii «f WHg]«!f't WiAaHoa OonpUng far ShalUiig; If Ut, B«|)aaiia 

FollursiU, of HlnuMff. 
On Oil Mill Maddnoiy; by Mr. Akxander Samuelson, of Hull. 
Dcioripttoa of two pair of Bo ri aon l rii Pimping KogfaMs; by Mr. Bdmud A. 

Cowper, of Loiulori. 

DflMiiption of LemieUe's Vwifflatif^ MMhiiM lior Minaa; fay Mr, Samnal liayd, 

Jan., of Wednesbury. 
Description of ft TTydranlic Slicarin^ Tress; by Mr. Charles Little, of Derby. 
On Wood Bearings wr^ applied to tlie S:3liaf to of Scrow Steam YeaselBj by tho 

President, Tohn Penn, Esq. 
On a new Dyuamometer and Frictjbon Break; by Mr. WilUam Froud^ of 

Dartington. 

I>e:»criptiou of \Vut€rhou:i<:'8 Compressed Air Forge H&imuer ; hy Mr. Charles 

Beyer, of Manchester. 
On Water Preasaro Machinery ; by Mr« WOBam O. Axmrtroiig, of KewcaiOa- 

oii>1!yiia. 

On tlia MannfiMiiiiia of the Uobatina Ovt SM; by Mr. niomaa flpaniMr, of 
Nowbun. 

Daioiiptfoii of a Fioatliig Steam Govn Mill and Bakiiy; by Mr. Wllllaa 

IWibainit of MiMMbaiter. 
Qnanevroonrtniellonof Railway Bpringa; by Mr. Tbouaa fiint^ of Orawa^ 
Ob an ia^[kPOTad oonatmoCion of Axlabflawa and OomJing Bodi tot looonkollfa 

«glMa; by Mr. Wllliam A. Faiibaim, of Manchester. 
Deecription of va inprorad BaUway Swiloh; by li^* Jolia A. Haawai]» of 

Gateahtad. 

On the improvements and progress in the Working and Ventilatiorr of Cosil Mines 
in the Newcasfleon-iyiiadiatriotwitbxa the last fifty years; by Mr. Nioholaa 

Wood, of Hettoii. 

On some iipplicatious of the Copying or i ransfer j)riiu>iple in the prodootioa Of 

Wooden articles: by Mr. John Anderson, of Woolwich. 
On improreTnents in I'liuip \'alves ; by Mr. Johti Ifoskiiig. o( (iatoshend. 
Description of the Loromotivo Engine Shed and Turntables at the Gateshead 

station; by Mr. Edward net^sber. of Gateshead. 
Description of a ijafoly Uoiel Guvtiruor; by Mr. Bei^jamin Foihei^ill, of 

Manchester. 

On fbe boning of WaUh Steam Goal in L o oom o ttfa Engines; by Mr. Joaeph 

HomlinMnii of Oeidlft 
Damrlptffm of a Diiaot*Ao0ng flqanaira Steam Bngina; 1^ Mr. Tlioaaaa T. 
' OlMllingwortb, of WeatibMBaiHoh, 
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The Council have particular pleas arc in referring to the very 
sQCcossfal and interesting meetins^ held in Newcastle-on-Tyue iu the 
summer of last year, and in cxi>ressing their thanks to the Local 
Committee, and especially to their Chairman, Mr. Armstrong, and 
thA Local Seaietazyi Mr. Harwell, for the cxceUent and spirited lecep* 
tion thai was ^rein to the MemberB of the Institatum on thatooeaaioii; 
and liie Council anticipate important adrantagee firom the continuance 
of audi meetings, both there and im other diatriets of the eoontiy. 

He President, Vice-Presidents, and Officers of the Institution, 
and five of the Memhers of tlie Council iu rotation, will go out of office 
this' day, according to the rules of the Tustitution; and the ballot will 
be taken at tlie present annual meeting for the election of the Offioera 
and Coimdl for the mamng year. 



SUBJCGTS FOR PAPERS. 

Steam Engine Bon.i:ns, particulars of couBtruction — form and extent of heating 
surface — relative value of radiant surface in effect and economy — cost — 
consuTnj)ti()n of fuel — evaporation of water — ^pressure of steam — density and 
keat of steam — superheated steam, eimplc or mixed with common steam — 
pressure gauges — safety valvea — water gauges — explosion of boilers, and 
means of prevention— effeotf of heat on the metal of boQen, low pressme 
and high preeeo w rtad hoUen^-inonistatioa of lioilen, and nuana of 
prerentioii— evaporative power and economy of different Unds of ftud, coal, 
wood, ehateoal, peat, patent coal, and oofcO'-HnoTBable gretee, and nnoke- 
eonrandng apparatoBy fSute to show the beet plan, and rendtB of wor]dng>— 
plans finr heathig fted water. 

BisAX Bwopraa -e xp andve fi»ree of steun, end beBtmeani of osiiig H— power 
obtahied by rariooe plana— compariscm of double and efaii^ eyUnder 
enc^nee— combined enginee^HXHupoond <^]inder engines — comparative 
adTantagee of direct-acting and beam engines— engtnee for manufacturing 
pupoeee^^ioriaontal and Tertloal-Hwndensing and non-condpn?ing — 
ii^jection and surface condensers — air pumps — frovemon;— valve-?, bearings, 
&o. — improved expansion gear — indicator diagrams from cnpines, with 
details of useful etft c ts, coinnmpfion of fuel, &c.— oontributions of indicator 
diagrams for reference in the Institution. 
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m^om witti cnok and flywheel, direoft-Mting tofinet wifli aad widiont 
flywbool riie of staMm i^linder and degree of expugkm-^anbor and die 
of pumps, and itnikes per rainuto^Hqieed of piston— pieiBam vpon pump^ 
efieotive hone powv and duty— oomparlson of double-aotfng and single- 
acting pumping engines — constnicfion of ptmips — plunger pumps — Imcket 
pump? — particular deiailtiof dilVorent valves — iiuiia-rubberTalTcs, durability 
and result.'^ of working — iliagranis of lift of ViUves — a|>)»li«'ntion of j)umps— 
fon-di-aining eiiginos^coniparative advautages of ficoop wlieels ami oentd- 
lugal puuips, lifting trough, &o. 

Bla^T Enoines, best kind of engine — Bizu of s>tmm cylinder, strokes per minute, 
and horse jKAvcr — details of lioilers — eizeof blowing cylinder, and t?trokes per 
miuutc — pressure of blast, and meaua of regulation — construction of valves 
— improvemeDts in blaat (flinders — rotary blowing maohinee — indicator 
diegnma tnm air naltt md ifeeuii ojliBdar. 

MAKma BHOuiBii power of engineB in proportfon to toiiaii8!e<— difbnni eon- 
ilniellone of eogliMe, dovble^Under englnee, talk engines w of etoim 
Ja el D B to - ^fu inyealeflbet eoiapegedwifetodtoelog dkigmm oompemttro 
eoonom^ Mid dnilillity of diftrant 1wi]«» tobi^ 
'IbOi ' 'to file pompej woA mnaiie of pteventfiig difweiti iwlght of ipaohtaeiy 
■ndboMew-Miidofpeddlewliedi ep ee doMaliiedteBrWihingatBaMiai^ 
In Brftidi nmhant itaamere, and in Foreign dittos trldL pailMin of the 
oQMfcractioD of engine wiih paddle whc^, &o. — screw propellerB, partiOa.- 
lin of difltaraH kinds, improremente in form and positioni Bnmber of anas, 
material, means for unshipping, bearings, horse power applied, qieed 
obtained, section of vessel — governors and storm- governors. 

fiOTAUT Engims, particulara of construction and practical apfHfiatiftn dntaili 
of results of working. 

LOCJOMOTIVE E N*(; IN Ls, ejcpress, passenger, and luggage cngiue^ — particulars of 
constmction, details: of experiment*, and re>Tdts of working — consumption 
of fuel — u.se of coal — consumption of smoke — -beating surface, letigth aud 
diameter of tubes — .steel tubes — experiments on size of tubes and blast 
pipe— coastruc don of pistons, valve gear, expansion gear, &o.— indicator 
diagrams— expenses of working and r^ptin, 

AaajcmauRAh ftramB, dolniie of oooefcnuitton end leralta of woridng— 4aty 
obtained— apfdiettttcMi of naoUneiy end ifteein pvwer to egrfenltoial pur- 
poeee Iwun naoldneiT— Held imptomapia tawtion cBginee, particvlMS of 
padBBnnanee and ooft of wodc done. 

Calqbio EvaonB— eoginee worked Ibj Geai Qnnpoottoii, or otlier eqpiloeire 
ftfumpminrii TOfrntnT mtjimtttT eqglnee— pexttmlntt and lenilta. 

Wnmxajo Bnoam, parttonkw of applkatkn and woiMng^ pu M oie of 
water— construction md anng ement of valiei^ teHef valTet— oomtroetion 
of Jointa— hydraoUo rams. 
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WiflM WimBM, n mt llwi l wi of wi ttt w ito a and dl nw dto m to ni la d dipttiof 
IWiolrBli honii <rf mflWf i^tkMilfyf pttMBligs of pofnt omriaid— ImMiibbi 
oourtnoCion Mid pnwiioal opp Boiti c B , powor oblilMd, oomiMumtffo Bflbot 
ttdflOODoaf. 

Woro lfitXB» paitioato of o umtoi B tto p-^Biittbw of Mfli» nute lad tan of 
Mfl^^ftlooityf nd pow oliiteiiiod-Hnvisgo wmnii— dRjB* ifink pv 

annnm. 

OOBH MxLLa^ ymHrnhn of improvementB— power employed— appUestioo of 
SfeBun power — ^resiilts of working with an air blast and ring atom 
cmshlng Iry rolls before grinding— advantages of regularity of motion. 

SrOAH M1LL8, particulars of construction and working — results of the application 
of the hydraulic press in place of rolls — application of steam raid water 
for ^tracting the last portion of gaqphariae matter — oonstniotioa and 
workine of evaporating pans. 

Oil Mtlls, tacts relating to the construction and working, hy eiumpers, by screw 
pre&»ed, and by hydraulic presses — partioulare of crushing rollers and edge 
stones. 

Cotton Mills, infonuation respecting the construction and arrangeiuant of tiio 
BSMidnery — ^power mployed, and application of powor"H»o ttoD presses, 
mode of OB Mhuuthw ad iroikbig, poww waploye d ' ' li p r of w uom i in 
<ptiiwg and oicdtng ntaoUn^, &o. 

CAUOO-tavilDIO AXD BUEAGHm MA UBU I MH, IWtlOldMi of linyiO ft UI O tt tfc 

Wooii M AflimnT, oHdiiSi oomiMngi iv^n^ qdnainst 

Tlax MAOBDOBr, «i WMi flwUiiaof fliiinadottwf dlroagmtiria^ intho 

Bitanal knglik of ilaplo and wImb oat 
Saw UniSf iwrtioailan of oonotraottoii— modo of driring p ow w «aiplo7«d— 

panHQim 01 wotk iiaD^~<win ipoiBa xor vokhu mki ommuir isvii mtui 

of s«ir tooth m m mDIa fbr ootlliv ih^ iiuilmi fiaioin iMPa— ondlcis 

bandiawi. 

WooD-wDSKDra MAcsnnBi BKHrtMng^ pluklagt KNmdiBg» and aarfteia^ 

copying mnchinerr. 

Lathks, Planing, BonrNo, and Si^miNO Machtxes, kc, particulars of 
improvements — rlei>cription of new tolf-Mting toola— engilMMi' toott— files 
and tile-cuttiug machiuery. 

Ik)LLrN'C Mnxs, improvements in machim rv for makuig iron and -i f^ol— mode 
of applying power — vise of steam hatuiaers — piling of iron — piaics — ^fancy 
sectiono — arrangement and speed of rolls — ^length of bar railed — ^ra«aufac« 
turc of rolled girders. 

Steam HAJCVEBa — friction hammers — air hammers. 

MAiffiTO Aso Oonnsro Machiiieky, partleiikiiof laiproTemants, ico. 

PAm»]CAKnro axd FAnft-Cmiao Maiwiim^ mm matadala and rwalii 

Framro MACBona^ partlealaia of ia »piq T«ni fl ti» fee. 
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8 nmmon fob FiPBBi. 

Watek Pr^fPB, facts relating to the best coostruotion, mean* o£ woiktnfi tod 
application — ^velocity of piston — congfeniotikin of valves. 

AiK Pi Jii'S. ditto ditto ditto 

Mydkai lic PittssEs, fticlis reltttiiig to the best coustructioOt meaoa of working, 
niid applicatiou — economical limit of pressure. 

Rotary ani> rRXTniFt (;al ITmps, ditto ditto ditto 

1 lith E^Gi.NiiS, baud uud steam, ditto ditto ditto 

Sluices akd Sluice Cocks, worked by hand or hydraulic power, ditto 

OBAJms, steam cnuies, hydraolio canam, pneamatio onanesi travelling cranes. 

Lms tv nitiag nihray wagons— holgli for ^fawho n m safety ai^MMttnii 

ToatBMD WHKSLSk bssl ooostniottan ind Ibnii of teeUk— 'Kssiilti of woAiag^ 
powortoagMtttsd^HBeflMdof nHHiMtog strongth of wood ieeUL 

Dumo Bbi« ASD 8xBAF8» bostiMdu «kl aiaterio], iMf^ 

vIn^ ofaoln, ftOtf— oomporaliTO dutBUUty, and randti of woridng pomrmr 
^ p ff i m fl i^ l^inf ^ lij f ff fn f^ slioii Irifittioinl goniog', oo mli uotiomttd diMng 
power obtained — fHotkm olntohoe sliefHng and ooiqiliiigB. 

DTNAHoacKrEBS, oonstmotioii, eppUostion, end zesolte of woiting. 

BtBraOTB or ICATEUALBf ftois nlattng to experiments, and general details of 
the proof of girdoB) dcOii— gildtts of cast and wmigfat iron, particulars 
of different constructions, and experiments on them — rolled girders — best 
forms and proportions of girders for differeni pnxpoifli — best mixtara of 
metal — mixturoa of wrought iron ^vith cast. 

DlTRABiLTTV OF TiAfBEii of various kinds — best plans for seasoning and pre- 
fscrving timber and cordage — results of various processes — comparative 
durability of timber in dilierBat situations — expmments on actual straigth. 
of timber. 

CTOKiiosiON or MxTALS by salt aud frebli water, and by the atmosphere, &.c. — 
facts relating to corrosion, and hmt means of pramfion — ^means of keeping 
ships' bottome clean — galvanic aotion, natore, and prarantlvee. 

Allots or Vxtal, IMi lelating to diffueot alloys— oie of alomfomn . 

FsfOifOH car tabidus Boooms, ftoto relating to fHotkm under oidinary dnxun- 
■teneoe IketioniiiegBaeeflf ftietion hf lednofeioiiof mtCue In oontaok^ 
Motioii of Iron, hum, oopper, Ua, nood, &c— proportioa of weic^ to 
vaUbiBg tmiiiMO beet forau of Jonmaler and oonetnietton of a rlelw i fe Bi 
wood linarlnfli iralnr ta M t mam hibrioatton, beet materlale, uMaiia of 
applMton, and neolti of pnotioal trials— beat plane for oil tester-Motion 
Imaks. 

iBcnr BoovB, partSonlars d oonetraotioii for diAarait purposes— durability in 
TSrioos 5*HnM<iiPH nnd situattona-- c omparative cost, weight and durability— 
xooA fosr aU^ of cast iron, wrought iron, timber, &o,r--beet oonstrootiitHg^ 
form, and materials — details of large roofs, nnd cost. 

FiBE-PBOOF BuiLDafOSi particolan of construction — most efficient plan — ^rcsulU 
of triale. 
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OumiEi Seaoes ct laifB ilse— partMtn, form, mode of b«llduigt chiip«t 
oonitraolkiii, fte«— fane of dnngfat, aod^tmB^enitiiiei 

BBCBfl^ BMmdMtan^ dmbOitj, oad •tnogCfc'^lloir btkka, fin bikka, sad 
tn fllif-^iaffented fariolui oort of tMunfiMtiin^ ond odymtefm dry ebijr 
biioko-^MdiiBw for bikk mekip g . -- lim ' id Bg of bfkln. 

cut Woufly bflok Jtem, iia«^ and nuMal Ibr ntet i i eomtnioUau of nfeofi 
ofeno— quantity and qiialily of gas fiom dUhrent coals— oil gas, okfli]Mal 
mode of making—watar gai» 46^--improvaiiMala in pnzitea, oondensan^ 
iBd gaidioldero — wet and dry gas meters — pressure of gas, gas exhauBter — 
gn? pipes, strength and dura1>llity, and eonstniction of joints — proportionate 
diameter and lencrth of gas mains, and velocity of the passage of gas — 
exporimcTit^ on ditto, and on tlie friction of gas in mains, aiid of pressure. 

WATJiii VVoitKS. f:iotd relating to water worL-<— a]iplication ot power, and 
economy oi \sviniu^ — proportionate diameter and luugtli of pipe«» — experi- 
mentii on the di^^charge of water from pipes, and friction through pipes — 
strength aud durability of pipers, aad couetructiou of joints — penetration of 
frost in different dlmates — ^relative advantages of stand pipes and air 
fiemli water motors oonatarnoHoii and iroiking. 

"Wbjl essEaa, axd Amosum WklUi ftoti idating to— boring toola, 

QQBKnMOOA aila DOoB 01 QUnC* 

T^masJOMO llAinonSy partlenlanof oonatniotlonaodnonltaof irarii^ 
Oonn Damb xsd Piuko» ftote rdaliag to tlio oonatmotioa— oaii !ioo ahost 
pflfng. 

PlEB8» Iliad and floating^ and pontoon^ ditto ditto 

Itut SUTDio AirABATC«» pairiioolan of lmpiiim«niB^HMa of aleam pomr 

--paiiioiiIaTs of woAIng— weight of lam and height of Mi, total naniber of 

blows nqpiind—Taemm piles— com prfl as e d air system. 
Sbbdodio tKAtwrnw^ particulars of improTcmenta applioation of dndging 

machines—power rcqtiired and work done. 
DnriNo Bells ani> Divinc; Dkessks. facta redatiDg to the best coustruetioa. 
LiGTTTHOrsES, on-t iion and wrought iron, ditto ditto 

Ships, iron aud wood — details of coustmotioa — lines, tonnage^ cost per ton — 

water ballast. 

Ml>"lNG OrEKATloNS, facts relating to ruininL'— mennp of ventilating mines— 
u^of veutiiaimg niuchiuery — safety lanipr*— lighting nnnes by gas — tiinkiug 
pits — mode of raising materiids— safety guides— winding niachineiy— nndSN 
gnmnd convwyanoe ntoda of bnaking, polferisingr and ^fling yariooi 
daaotiptiona of ONB* 

BLAsnvo^ Ma niating to Uniting nadar w«tar» and blaatiitg iananllj^ttie 
of gnn-oottOD, *o.--^fliMpiodnosd bj laiga and iinaU ebaigsa of powder^ 
anangenMut of ohaigea. 

D 
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Blast Fxtrkaces, consumption of fuel in diflferent kinds — burden, make, and 
quality of metal— pressure of blast — horse power required— economy of 

WOI'killg~*iflXpRI'VMIMBiti ill — Mwi^f^w ^ ^^tm^mnKoi^aat*^^ Igwllg of iMft 

ndooldblMl— InenMed fampflofaitoo of Matt— oo mlwi o U on tad iroikiag 
of lM>t biiit<w<M— pyioiii otoBi mp ofuMto gsiOk 
' PvfiDUTO FmoiiCBBi btit ftiznw And oooslraottoii-'iroiiMd tfiOi ootl, ehu^ 

Hbaxdto Foxhaoh^ belt oonttrootiott— ooiiMiniyiitonofi^ aai heat obtained, 
OuAVEUDio PiiBHACBB| ouuilruoUoii of fliiiieoeB iiieiiiifaciliiie of eteel 

o>eehegdiiilpg» li <^ twwrwiiting inatvlels em^ilosfed, 
SmxHS FiinMii8» beet oonetrnodoiH-fllee end jnateital— poirar of bliit-lmt 

UMt» ftc—construotioii of tiqr«nB* 
Bmrhs FANS) end Faot generally, beet eonetruction, form of blades, fto.— dMta 

relating to power employed and percentage of efifeot produoed — praanre and 

quantity of nir (fisclmrged — sixc nnd constniction of nir mnins. 
OOKJB Al»D ("ii.vin OAi.. particnlnrs of the be.-^t mode of making, and construction 

of ovens, &c. — ^cvaj>o rating jtower of different varieiiei;. 
Railways, con«<tmction of j>erniunent way — ^section of rails, and mode of 

manufacture — mode of t^tetiug raiLs— experiments on rails, deflection, 

deterioration, aud comparative dnrabiHty — material and form of sleepers, 

gizc, and distances — imitrovenieuta in chairs, keys, and joint fastenings— 

pernmueut way for hot climates. 
BwiNHES A2ID CE086i>'as, jMu^ticuIars of improremeoti, and reaolta of walking— 

advaata^ee obtained bj ateeling pointe and toagoee. 
TnorTABtss, partiaalaia of Tarlona oonatraollona and Im pi ofaBa ai i l B en gine 

tnmteblee. 

SnuTALS fat atattooa and tiaina, and adf-aotlog etgnala. 

BuscxBic IkUGKAPHS, lfl[ipiov«BEienta In oooetniotioii and tneolation— under- 

gfound and aidnnarine oaUee-Hnode of lajing. 
Railwat Caxkuobs Asn» WAOcmSi detaltaof oolietniottoi-iifopoiilOBOf dead 

weight 

Bnr.AKS for carriages and wagons, best construction — self-acting breaks. 
Buffi :ns for canlagee, fto^ and station bnffera^diiEBnnt oonatraetiona and 

materials. 

flFBiNfiS for carriages, &o. — bulling, bearing, aud draw gjtriugs — range, and 
deiiection ]n>r ton^partioulaTB 0(f difOBient A^yiff ^^^^A"** and wv a ^^^ j^i^ and 
results of working. 

Railway "Wpft:!.*?. wrought iron, ca&t iron, and wood— i>articular? of dilfercnt 
construct ioiiH, and resulted of working — comparative expeiu^e and durability 
^wrought iron and sluel t> r(^, comparative (ccmomy aud results of working 
— eolid wrongiit iron wheeK 
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BiiLWAT AxiMBt bcpt dcscrtpUon, form, matflrial, and mode of Twtmirfiwtm— 
oompuiaoo of loUd aod hollow axles. 

The commnnicntion? ehould l>e wriKen on fool?cRp paper, on one aide pnly 
of each page, leaving a clear margin on the left si<ic for binding, and Ihcy 
should he written in the third person. The dniwings ilhi.-'t rating the paper 
should ])e on n large sealo and strongly coloui<idf bO to ho clearly visible to the 
meeting ut the time of reading the paper; or enlarged diagrams should be 
addad for the iUustruiiou of aay particular portiooa. 
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Tkb CuAMBMAK JOQfnd tint ibt B«port of Hit Coimdl Ut Moeiyed 
and adopted, which was passed. 

The Chairmah announced tliat the Ballot Papers had heen opened 
by the Committee appointed for the purpose, and the ibllowmg Ofiicers 
and Members of QouucU were duly elected for the eusuiug year : — 

pBBsiDxmr. 

JoHx PjuHy .... liondon* 

VK'B- PRESIDENTS. 

William (1. ARMSTBONOt . Newcastle -on-Tyne. 
Jaxes Fenton, . Bradford. 
Bekjaxxit Fothuoill, Manchestor. 
Hmat MaddslaTi liondoiL 
JoHV Bambbottom, Orewe. 
JosBFH WhitwobtHi Manchester. 

COUNCIL. 

In addiiion l9 <As fsn Memi§r§ remainmg m qfice, 

Albxabdbb AllaVi Perth. 

William B. Oabrbtt, Leeds. 

ALBXAHDm B. OooHBAmBy . Dadkj. 

Edward Jonbs, Wedneshmy. 

Nicholas Wood, . Hetton. 

TRIASVBBE. 

Hunr Edmuiids, Birmiiighaiii. 

BECRBTART. 

William P. Mabshall, Birmingham. 



Hie fbUowmg New Msmhers were also elected : — 

MEMBEB0. 

Davisl Adamron, . . . Mnnchester. 

Edwabd Beck, Juv., . Warrington. 

Qbobov Clabk, Bimderland. 

JoHV DixoH, Bradford. 

Gbobob Elliot, Houghton-le-8pring. 

William B. B. Habvby, London. 
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14 AjmAh sLicnov. 

WiujAx Ebivboe Mambau., Leedi. 

Chablis Mat, London. 

William Matlob, . liTerpool. 

William Moor, . Hetton. 

John N'ouTiicoTr Ryder, , , London. 

Cjiahlf.!^ F. S. Bmixh, . Nottingliam. 

Maiiekw Smitu, . , . Birmmgham. 

AuUEAVDBB BoKOLOFF, . . Cronstadt. 

BwJAMiN WiuGHT, . BimuQghwB. 



Hie CHABiuir eipresied his fhankB fbr tfaa hoaoar oonftiTed upon 
Imn by his eleotion as Preeident of the Instttatioii for another yenr ; 

and regretted that lie luul been prevented by the state of his health 
from attending the meetinirs us inurh as he had wislied durinpr the past 
year. • He could assure the members thnt he had the interests of the 
Infititntion entirely at heart, and would endeavour to promote ite 
welfare in every way in hie power ; he strongly felt the importenoe 
•ad great jmotical vehie of the Inetitation, and wie highly gratified 
at its rapid and enooeesfal progress. He particoholy regretted havuig 
been unable from ill health to be preeent at the Neweaetle Meetiiig, 
and flhonld have been yery glad if he had been able to attend that 
interestiiig and sueees^iui meuimg. 



The following Paper was then read : — 
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ON THE PBOGBESSIVE APPLICATIOK OF MACHINERY 

TO MINING PURPOSES. 



Bt Me, THOMAS JOHN TATLOBi or BASfflXOr, NBWOABCUtOir-Tnn. 



In the following pnjier an attorapt is made to trace the progressive 
application of Macliinery to Miiiiug purposes ; more especially to the 
drainage of mines and raising of coal in the Newcastle coal district : 
a subject whkh must, it is conoeiired, prove interesting both to the 
mining aaid mechanical engineer, as InTohmg not only one of the 
earliest employmente of the steam engine, bat also the first eztensxre 
use If noi the invention of railways. 

The indined position of beds of coal is intimately conneeted inth 
the mechanical means required for working and draining them. In 
some eases the beds rise or cto]i out to the surface or "day," as it is 
eallod ; and in others they aro bnried with the associated strata at 
considerable depths below. As these strata rise from deptiis of 100, 
200, 300 fathoms and upwards, along an inclined plane, broken by 
fimlts and intemiptions, bat still ultimately making their way oot to 
tiie day, it is obrioos ihst depth is a principal element in the consider-* 
atkn of the meehamcd means required for working and draining the 
coal beds. In the " shoaler ** mines, or those worked near the snrfiMje, 
the lifting of water, which is undoubtedly the miner's greatest enemy, 
is comparatively easy : so aUo is the raising of the coal to the surface : 
and, it may be added, the ventilation ; for inflammable gas is hardly 
ever met with in mines worked near the day, though carbonic acid gas, 
known to miners as **8tithe" or choke damp, is abnndant in such 
mines. There are thas three distinct reqairements for ail mines, — 
drainage, raising of the coal, and ventilation ; bat their natnie and 
extent vaty in difiezeni portions of a coalfield, and hence become 
diaraeteristic of particnlar epochs. By the oM miner, the ** old man " 
as he is called, who cannot be accused of any want of shrewdness in 
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comprehending his pooition, the ihaUow uunet were easily worked, aad 
drained by adits, many of the coal beds being fomul above the natural 
drainage levels of the country : in a middle period, when deeper mines 
were to be worked, a perpetual struggle arose for the necessary 
mechaiiicftl powers, a straggle reeultiiig in mAoy contriyaDoea, some of 
which weie, as will be seen, very ingenious : and thirdly, we anive at 
the epoch of the steam engine, which haa erer smeecontiniied to be the 
light aim of miamg operalionB, and haa also led to many other 
medianieal applianoea as a natuil eonseqiienoe of the development it 
h&6 given to miniDg. 

JEarh/ period of Coal Mining. — The earliest and simplest plan of 
coal mining was that of a day drift or adit, along which botli water and 
Qoals were brOQght, as sho^vn in the diagnm, Fig. 1, Plate 1 : the 
eoals were carried in the workings faj men or boys, first 1^ hand or on 
their baito, and afterwards, as an improved step, -on sledges whioii 
were traOed al<Mig the "thiU** or floor. Hm shafts sank on the 
oontinnation of the forward woddngs enpplied what ventilation was 
supposed to be needed, and were surmounted by the common winch or 
jack-roll worked by hand. Tlie mode of convevanoo from the pit was 
on the backs of horses or donkeys, whieh earried what is still called a 
"load" in some outlying districts : the pack-horse load, \vei|^diing about 
2} cwts., being the same in fact as the " coal boU," of which it is the 
origin ; and the name earriea as hack to tkat not veij remote period 
when there were neither railroads nor even aooessible carriage roads Ibr 
purpoees of transit. 

The early period of active coal mining in England eztmds from 
the twelfth to the beginning of the seventeenth centiuy. Th<Te are 
many curiuus notices uf coal in these times : amongst which may be 
mentioned that in tlie frinrtcenth century coak were sent from 
Ncwrnstle to be used in sharpening the tools of the workmen employed 
in boildiag Windsor Castle ; coals having been made use of £>r smiths' 
and mannftotoring porposes long before th^ were introdnced for 
domestic consomptbn. To the latest portion of this period, namely 
the commencement of tiie seventeenth eentory, may be refcrred the 
emplo)^ent of horses in drawing coals and water by whim gins : by 
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<liiB labstitalioD <»f Ikmm Ibr masaal laboor m addHional power ma 

• gained. But Hie coal Ms were beeoming so rapidly exluniBted near 
the outcrops tliat in the year 1610 Sir George Selby doohirod in his 
place in parliameut, for the grave consideration of the legislature, 
that the Newcastle coalfield would be worked out in a period of 
21 Tcnrs. To us, who eontinne to raise, two ccntnrics and a half 
after iiie timef 16 miUions of tons yearly from thia coalfield, such a 
itatemcnt appean remarkable enoiigli; bat the ap^er alluded, it 
miiflt be ani^Kned, to ihe working oat of the aooeeeible portiona of i3ie 
coalfield, and Ida obserTatioik denotea tiie near approach of a period 
when it would be necessary to win the deeper coal : an object which, 
however d curable, there were at that time absolutely no known means 
of accomplishinpr. 

With a view fully to appreciate the nature of the difficulties which 
tilc eariy mining adventarera had to encoanter in regard to drainage, 
it maj here be mentioned that, aa a general rale, a greater weight of 

* waterihan of coal ia raiacd tothe aar&oe in theminea of Northomber- 
land and Dmham. In partioolar caaca, each aa that of Wylam ColKerj 
and Perey Main Oolliery near Newcastle, the weight of water raiaed 
has been nearly 80 times that of coal : in other cases 7 or 8 times, the 
weight of coal. T«» \ery dcop niinos, especially when the tr»]> feeders 
have been stopped back by cast iron caissons or tubbing, this remark 
does not npply : but still, ns a general and average result, a greater 
weight of water than of coal is reqntred to be raised, without taking 
into accoont thoae caaea in whidi water ia ftnmd to excesa, aa in tiie 
half-indnrated marly sand beneath the magneaian limeatone of the 
coonty of Daiham. 

Middle period of Coal Mi/tiitf/. — In the middle period of oonl 
iiiiiiing, or during the whole of the sevt-nU'enth and eonimencenient 
m of the eighteenth century, there was a perpetual strnggle to obtain 

acme mechanical power which might prove adequate to win and work 
tiia mniea lying to the deep. Jn the absme of this power attempte 
WW made to itop back the top ised&n by caasaonB or " tabbing*' aa it 
waa oaDed. The fiiat attempt of thia kind ia menlioned by ^Villiam 
Waller, In Ida acooant of &e mines of Sir Carbeiy Price, 1698. In 

E 
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iSb» pre&ee to this work lie ascribes to Bir Homphreiy liMkvrorfh ike 
oredH of a^lybg, at his names in Glsmoigaiishiie, " a nm method 
of ooikiqg out the water from his shafts and sinking pits, and 
Hiereby prerenting the chsrgee of wstor engines, and also leoovering 
a large yein of coal bj tbat means, whidi was In Tain attempted bj 
other artists." In the Complete Collier, " published in 1708, is a 
description of the stopping liaclc of shaft feedera with wooden frames ; 
and the author (name luikiiown ) also E&y n that he has heard of iron 
frames that hare been need at Harraton in Durham, made sqtiaie 
and deeper than the thiokness of the qniduand, to pat hade these 
qnioksanda, which maj he of good nee, thongli tiiey most he dear." 
It was not however mitil 1795 that oast iron tdblnng oame mnoh into 
Togne : in that year Mr, Barnes employed it at Walker Colliery near 
Newcastle, the piece^s consisting of entire circular rims the size of the 
shaft. In lldQ Mr. Buddie adopted the more convenient i)lan of 
segments, at first connected together by screw bolts, but afterwards 
by wedging the joints, each segment oonstitnting in fact the vonssoir 
of a dicalar arch. By this means Teiy large water feeders are 
dammed bade, giving in somMoaaes a pressoie of 800 to 600 Ibet head 
of water. 

In reference to the introdnetion of madiinery, the ''Complete 

Collier" (1708) ftimishcs a clear view of the state of mining at that 
time : it states, in some places we draw water l)y water, with water 
wheels or long axle-trees, but there is n<>t that convenience of water 
ereiywhere/* The long axle-trees referred to worked cliain pumps, 
as shown in the old sketch Fig. 2, Plate 1 : an endless chain tamed 
npon a latge aade, having attadied to it a nnmher of oblong wooden 
bnd^ets or troughs, whidi filled at the bottom of the pit and disdiaiged 
at the top as they turned over the great axle-tree. When tiiere was 
sufficient water for working the wheel, the full complement of buckets 
was placed upon the chains ; but as the water decreased, a proportionate 
number of alternate buekets were detached, for the purpose of regu- 
lating this rude madune accordiu^ir to the power available. None of 
the buckets were more than half full at the time of discharging at ike 
top, owing to the leakage and the vibrati<m of the diains, the water 
Qontinually pouring down ^e pit like a deluge. Wind was also* 
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em^lojed as • moving poirar : hat ilieii, m the author of the ** Complete 
Oolfier*' temsrlcs, **tlie wind blows not to purpose at all timee.** 

Under ihefta circmustances he falls back iiji^u lIio methods then in iise 
m being the l>est, uamely the jack-roll and tho horse gin; which last, 
provided with tubs and worked by two horses, " is found to be more 
serviceable and expeditious to draw both water and coal than nny 
Other we have seen in these parts yet." He ia however obliged 
lefaictantlj to admit that he and his bieifaien knew of no means of 
draining the good collieries which lie miwronght and drowned ;** and 
that those who coold disoover such methods might, as he says, keep 
their coach and six, for we cannot dp it hy our engines." But it' is 
curious enough to observe that in speaking of the steam engine, then 
in its birth era, which was destined to realise the desideratum he had 
80 much at heart, as well as so many other great ohjects, he expresses 
himselfi as others have done both before and since his time, with 
eaiiti<m and reserye respecting this new discoveiy. <^ There is," he 
sajs, " one inveiition of drawing water by fire, which we hear of, and 
perhaps doeth work to purpose, in many places and circumstances ; 
but in these 4»1Heries hereaway I am j£raid tiiere are not many dare 
venture upon it, because nature doth generally afl'ord us too much 
sulphnrous matter to bring niure fire within thetie our deep bowels of 
the earth, so that we judge cold inventions of suction and force 
would be safest for this our concern." 

It will be obserred that all this time no stm^ thing as a pmup, 
eitiier npon the common or the plunger principle, was even thought ct 
The fiwt appears to be that no man in the north of England or in 
Scotland was at that time capable of constmcting a common pump. 
This oircomstance may be gathered distinctly from the records of the 
family of Mar. In 1709 the t^arl of Mar sent his colliery manuL'or to 
Keweastle, which was then, as now, regarded m a sort of head 
school of milling. From the manager" s report it appears that the 
machines in use were, as already stated, water wheels and horse engines, 
^th chain pumps for raising water and horse gins for raising coals : 
the common depth of the pits bdng firom 180 to 180 feet and a few 
from 800 to 850 feet : the steam engine is not even alladed to. The 
earl called in the aid of George Soioooald, an engineer fircm Deiby, to 
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Mmtt md advlae his jilans. Sofooonld reooaimflnded sntwtiAfitinsr 
pumps in place of chains and backets. 15nt when he went awaj, no 
man could l)e foimd who was able U> put his plans in execntion. The 
millwright of Montrose, John Young, who had been in Holland, was 
referred to as capable of giving adrioe $ and after him the mechanical 
priest of Lanoaehire." It would teem, that the veoommeadatioii of 
iliflae almoet forgotten worthies prodooed ite effioet : for the ohini and 
hndcet engine was sopeneded hj liie water wheeli with eraaks and 
beams working pumps. 

For raising coals the horse gin was employed : the cog and rung gin, 
shown in the old sketch Fig. 8, Plate 1, was made use of at this period, 
as well as (he ci^nimon whim gin, and was worked with 1 inch ro}>cs and 
tubs. For a pit of 300 feet depth, 8 horses were required, two at a time, 
and a sparv* hi ft of two horses ; the eoal was drawn in corves made of 
haael rods with wooden bows, each oorre eariTing 14 to 15 eoal pecks, 
equal to 4 owts. of eoal, and a day's work was SI eoom or 420 oorve 
loads : the weight raised from a pit was therefore 84 tons per daj, 
bemg 10) tons for each horse . At the present time it is not imooimnon 
to raise 400 to 500 tons i)er day, from a single pit of three times the 
above depth ; thib quantity heiug raised in deep pits exceeding 900 
feet depth by winding enj^ines of from .SO to 120 horse power. 'V]\e 
pits were numerous, a part of the system Ijeii^ in iact to have them 
so : it was cheaper to sink a new pit of the then moderate depths, than 
to conTcgr or rather drag the eoals a distanoe undeiigroimd; and it 
became a kind of rde for Ihis reason, and aboonaoooimt <tf fsntilstion, 
that the pits should not be more than 500 to 600 foot from one 
anotiier. This explains the ooenrreuoe of the great nimber of old shafts 
which are found, where eoal beds have been worked near the sm-facc. 

On comjmrinir the miuiui:!' j»racticc above described with that 
pursued in Germany at the same and even a much earlier period, it 
will be found that, until the epoch of the steam engine, the English 
sjstem was by no means greatly adranoed. It appears from Agiioola's 
cunons work, written in 1550, that at that period the H^lioatioiis of 
maohineiy in the Qennaa mines were both numerous and eomplieated. 
Th^ had not only the oommon horse gin, but sereral appUeations of 
the water wheel, both for raiaingtbe produce of the mine, and for lifUng 
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Ae wtar, m mUl by mmoB ai the eoaunon pimip m bj ekain pumps 
■nd ng whMl woA $ tiiey employed a]go ihe mter wheel with doahle 
haelretB ftiruiged in revene order, for the purpose of more conveniently 

cLau^iiig its motion, a mctliod not brouglit into xxaa in the Newcastle 
coalfield until ul»out two centuries afterwards. For ventilation tlicy 
employed bellows with attached air tubes, and a vaiieiy of appUcatioxis 
iseemUiiig in principle the fanner of the wianowiiig mAobuies, instm- 
nmte whidk «n stiU in me fox common paiposes. Thegr had also 
carriagsB with wheeir imdeigroimd, n notable fratme of aaperiQritj 
crar the sledges made use of in oar coal mSnea. Their methoda of 
conyeyaaoe at the stur&oe were however imimproved : besides common 
wains, they continued to use sledges for this purpose ; the ore was also 
carried on the backs of horses, of men, and even of doners. However 
the pumping machinery described by Agric4>la as consisting of water 
wheels and oranks and beams continues to this day to be the simpleBt 
and one of the ch < >nj ^^st modes of draining mines, where anffioientwalor 
power can ba obtained. The crank and flywheel are alao old appliancea, 
which appear again and againin Agiioola'sdiagcama : Fig. 4, Plate 1, 
is an CM sloeidh showing pnmps workec^by a water wheel with cranks. 
Hie flywheel was commonly applied at that time, as it has been since, 
to tlie common windlass or jack-roll. The roll being once put in 
motion," says he, *'is nnich helped, and rendered more easy to be 
turned, by the revolutions of the flywheel. " He appreciates accurately 
the nature of the Hywheel, as an equaliser of force, assisting the motiTe 
power at those points of the revolution where it becomes weakest : 
and thia notion of its nie is clearly indicated in his expression that 
it was emploTad instead of another man." 
The nse of gunpowder for blasting rocks had not yet become common 
in Bngland, though it had been employed for this purpose in Germany 
ab<jut the year IGGT). The jirocess made use of for mining very hard 
rocks before the introduction of gunpowder 'm;- that of eitlier s{»litting 
them by fires of wood or charcoal, or rcnduig them by an apparatus 
called the " stook and feathers " ; a hole was drilled in the rock, and the 
liBtttheni, which were two thin platm of iron thwiray>»w^g towards the 
lower cxtMOuiliy, were placed in it ; a wedge was then driTon home 
bdvraen theniy mtU a fragment of the lodc was torn off 1^ its action. 
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Baring the aeveirteeiilli cmixaj and for ft long time uhttnnxdB 
mukj ingfliiioiis shifte ireie adopted nndetgromid, to obtaiD coal lying 
below tiie oommon level of dramige : rifte were fonned in the coal, 

and cuts made to the lower parts, Iruni which tlie uater was lifted uj) to 
the reqiiiHite level by Imliiig it with wootleu s«'oni)s or by such machines 
as were then used underground ; the principal of these \\ m the rag 
pump, shown in the old sketch Fig. 5, Plate 1, worked by hand, 
lumng a wooden pnnip*tiee with endless chain and leathen, and 
lilting the water in stages, each genenUj Irom 8 to 13 feet lift. In 
this manner the minars Bometimea awsoeededin penetmiing step hj step 
a considerable way to the deep, so Aat more modem workings have 
often suddenly holed into these old mine wastes, in situations where 
much solid coal was cx()Octc(l to intervene, but where it had been 
already excavated by the industry of the "old man"; and liiese old 
workings, of which no plans or records arc presenred, being lilkd with 
water, a great deal of damnge ns well as loss of life has from time to 
time reeoltedfinm the inimdations which ensoed from holing into them. 

It thus ^peara that the prin<»pal maehineiy employed in winning 
and working colUeries at Ae beginning of the last eentnry consisted of 
the chain and rag pumps for lifting water, the monng powers being 
horses, water, and wind ; and the horse gin for raising the coal. 

To tliiij middle period of miiiiiig belongs also the introdnction of 
railwuvii. Coals were previously c^trried from the jiits to die river by 
carts or wains, which held about 8 coal bolls or 20 cwts. each, being 
rather more than the third part of a Newcastle chaldron of 53 cwts. ; 
' and the collieries of Kenton, BenweU, and Jeamond, near Newcastle, 
employed between 400 and 500 carts each in this eacpensi?e mode of 
conveyanee. The earliest nulways seem to haye been constmeted 
with a limited and definite object in view, that of increasing the load 
dragged by a horse ; and accordingly the first coal wagons on the railway 
carried 42 cwts. of coals, a material imi>rovemeiit at all events ujxn 
the old coal wain : but still the leading establishments were large, as 
each single wagon required a man and horse, and for a long period 
the gradients were laid out with reference only to this state of drcnm- 
stances. The railways were constmeted of woojl; the npper rail 
generally of beech, 4 inches square, restmg upon longitodinal 
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sleepers ; tluee agun reeiing upon cms steepen. The oost of eon- 
strtictioin w»8 from £400 to £600 per mile, irhaxsh kcureyer represented 

a much liiglier vaUic at that time tliau at present, as may be judcred 
of from the fact that a collier's wasres were Is. per day, while tlio 
overman had Ss. per week, and the viewer 15*. per week. The coal 
wagon«; resembled the modern chaldron coal wagon in shape, and were 
made of wood, the employment of which was then in £ftct a neeessity : 
for the qnantiiy of iron made in the in^gilnim did not for a long period 
after the introdnetion of nilwajs amount to 20,000 tons yearly, 
tfaoogh the ansnal quantity now mannfiietgred is nearly 4 miUions 
of tons. To ^e scarcity of iron must also be ascribed its very slow 
Hubstitiition fvr wood in railways. The ajiplieation of the cast iri>ii 
fish-bellied rail, and STibfeqnently tlie inalleahie iron bar, were tlie 
woriL of a oeatury and a iialf, during Avhioh the use of coke in })laoe of 
chaiTpoal for smeltinn: gave so extraordinary a stimnlos to the iron 
mandhotore. So little was the possibility of applying ooal or co^ to 
the sneltang of iron anticipated in early times, that there are npon 
leeord grants of wood to he made into eharcoal lor the porpoee of 
smdting iron, in the districts of Stanley Bnm and Orawcrook, which 
are situated npon the Newcastle coalfield. It now appears not a little 
strange to find wood growing upon a cwallield thus ap})ntpriated for 
making iron ; but even the name of collier, now applied to a coal 
woricer, meant originally a cha r coal bamer, and is so employed in the 
grants aboye refecred to. 

Third pmod af C^al Mi$wng, — ^Ihe commenoemoit of the third 
period of coal mining in the early part of the eighteenth oentniy is 

mariced by the notable epoch of the introduction of the steam engine. 
The importanee of the NortliuniUerland and Durham coal trade at this 
period may be judged of from the faet that the annual sliipmonls of 
coal from Newcastle averaged 475, UOU ton-^, and from Sunderhuid 
175,000 tons, the aggregate being 050,000 tons; employing 600 
ships of about 80 Newcastle chaldrons eadi, and 4500 seamen and 
boys. Under these dronmstanees it is not smprising that the beds 
aestr the sorfaee and aboye the natorsl drainage leyels were being fast 
ezhansted. 
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Tlie euiiert appUoillaiui of ilw stoim engnie direeted 0(djel7 
to ihe dndnage ctf iiuims; and dnxing the fint 40 or 50 J9tani after 

its invention, it does not appear to have been thought of for any other 
piir]»oso. Savcry called his little publication in on tliis subject 

the " Miner's Friontl " ; but Newcomcn and Crawloy in 1710 were the 
first who rendered the engine suitable for practical applicatious. In 

1713 an engine WM consinioted at Byker near Newcastle ; and at very 
nearfy the same tune two others were erected in that nieig^bboarfaood, 
one at Waoluiigtoii Fell and the other at Norwood. 13ie enginei were 
at that tiine woiked faj attendant^ wlio opened and ahnt die Talres, 
until Beigliton of NewoasUe in 1718 introduced a great improvement, 
by "vvliicli they were rendered self-acting. Stewart observes ilmi in 

1714 only four steam engines were in existence, two of which were upon 
mines in Newcastle. A few years after this date an engine was 
TOnstnicted by John Potter of Chester-le- Street in Durham, for 
diauung £dnionBton CoUieiy, 4iie partioalars of which have been 
ItraMrred : tlie cylinder was 89 InoheB in diameter and made of liraaa, 
aa alec w«ro tlie bnoketa and daoika and one of the wwldng barreia; 
the ]Nunp0, 9 indies in diameter, were made of elm liooped with iron; 
the boUer top wae of lead. The introduction of the steam engine, 
imperfect as it still was, not only enabled deeper mines to be won, but 
also ! li nyifTtod the cost of drawing water, as comi)ared with that by 
horses, in ike mt'-n of about 7 to 1. The pumps, at first of wood, 
were afterwards made of cast iron. 

Long after the introduction of the donble-acting engine, the woi^ 
was diatrilmted oVer the up and down stroke bjmeana of a dead voght 
acting on a a^aiate balance beam; and this old oostomiaatill adhered 
to in some parts of the Kewcastle district. A step in advance waa the 
application of the V bob, as shown in Fig. C, Plate 2, consisUug of 
a V shaped radius link A vibrating on a centre, fixed at a short depth 
down the pit, by means of which the beam was made to lift from both 
ends, with corresponding sets of pumps in the pit : some of the older 
engines are still worked in this manner; Fig. 6 is a diagram showii^ 
the applioaticn of the V bob at Baokworth CoUieiy near Newcastle. 
In a third improreniant this obMqne mode of i^ljing the power was 
repbboed by a direct lift from each end of the beam, a separate pit or 
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■taple B bong sank for tinprn^oBe, as shown in Fig. 9, Flute 8, which 
repraeiito the g«nfltal pumping uTangements at Un Heater Pit, 
Harilej OoUiefy near Newoastle. In this case the depth of the pit is 

600 feet, the engine of 800 horse power, and the pumps 31 inches in 
diameter, made of wrousrht iron ; the total cost of the engine and 
eTii,'ine house was £12.750, Tlie qnantity of water raised is 750 
gallons per minnte, making 382,395,200 giillons or 1,707,120 tons 
in • jear ; the total working expenses, including Sd60 tons of coal 
oonanmed, an £1575 per annnm, ezclnsive of intei^ of capital : ' 
hence the eoat of raising the water from a depth of 600 feet is 0*22d. 
per ton ol water raised. In two other eases it is foond that the cost 
is reepeotiTelj 0«27<f. and 0*31<f. per ton of water raised 600 feet. 
The average is therefore 0-23^/. per ton of water for 600 feet depth, which 
may be tnken as the mean cost of pumping water in Diirliam and . 
NortliiiiiilM rland, cxcln^sivp of interest and rcdeiiii»tioii of tajiital. 
Under the old system, as already stated, a horao conld raise 10. J tons 
per day from a depth of 300 feet; and reckoning 48. 6</. per day for 
the horse, driver, wear and tear of ropes, fte., this gives 5*14cr. per 
ton raised 300 feet, or 10*S8d. per tonrused 600 feet: while from the 
same depth the same weight is raised hj the steam engine fer 0*28df. 
Henoe the cost is 45 times more by horses lhan by the steam engine : 
besides which the increased depths at which modern mines are worked 
render them abaolntoly inacoessil'lc by horse power. 

Attempts are being made to dispense with the cumbrous weight of 
beams, bj placing the pumping engine vertically over the mouth of the 
pit, the pomp rod being worked direct by the steam cylinder. A diagram 
of this anaagement is given in Fig. 7, Plate 8, showing the direct- 
acting pnmping engine at Borradon Colliery near Newcastle. Ihereare 
here two egplinders of 60 indies diameter and 6 feet stroke, having 
their piston rods connected at top by a eroeshead, to the centre of 
which the pump rod is attached, passing down l)etween the cylinders. 
The pump rod is made continuous tlironcrhont the entire series of pumps, 
passing through a stuffing box at the bottom of each working barrel, 
as shown in Fig. 8; there is thus only a single pomp rod for the whole 
dspth, instead of a separate rod for each set of pumps as required in 

oidinaix arrangtaient, Iherebj greatly reducing the dead load npon 

V 
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the engine. The water is nlsed from n depth of 900 feet; and the 
total coat of the engine, piimpa> and bnilding waa onlj £4600. 

Pmnping bj a rotaiy motion ia now much pradaaed, etpeeiallyui 
ainking pita : the orank engine being handier for application, while its 
greater number of strokes per mhrate baa the eifeet of keeping the 
T\ atcr bettor and more uuifomily out of the bottom. Fig. 10, Plate 3, 
is a diairrnni sliowiiig the application of this method at Ejhope sioldsg 
near Sunderland. 

' Bnt thongh the great mining problem was solved by the applioataoa 
of the steam engine in the early part of the last eentnrf Ibr raising 
water from mines, llie miner having been enabled bj its means to win 
the deeper ooal of the field, thna aoqniring an entirelj new mining 

territory, still many years elapsed hefoi^ steam power was applied 
directly for rfii5?ing coals : and in the mean finio various meclianical 
means >verc oui| Joyed for this purpose. The old liorse gin continued 
in use, and commonly re^^uircd 21 horses in a day, ^vorking fonr at a 
tiirie r it was employed at Walker Collieiy near NewcaaUe for a pit 600 
feet deep. Bnt it was evident that some snbstitnte mnst be ibimd for 
animal power at snch great depths. Yariooa applioaiions of madiinflEj 
were therefore devised, amongst wiuch may be mentioned one by Mr. 
Menaiea, consisting of a deeoending Teasel containing water whieh over- 
balanced and brouprht to the surface a basket of coals ; the water was 
then discharged at tlie hottom, and if there was not a day level it had to 
be piuni>ed n\) again by the steam engine. Not\Tith standing this 
disadvantage, the plan was a simple and effective one, and continues 
in a modified form to be employed to this day in other districts, 
though not on the Newcastle coalfield, esx>eGially yrhm the wat« can 
be got rid of by day levels, figs. 11 and 12, Plate 4, are an elevation 
and plan of a water balance machine now working at the Owm Bavgoed 
pit, Dowlaxs Iron Works, Bonth Wales. The coal tram containing 
about 1 ton of coal is placed upon the top of the empty water bucket A 
at the bottom of the pit, and the empty tram on the bucket B at 
the top; this bucket upon l>eing tilled with water descends, raising the 
empty bucket A with the full coal tram. The water is supplied 
throngh the Talve box 0 and air vessel the Ck»riUBh pnmping 
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engine used for dndni^g tbe nune. Xhe kndiiig chain D is » flat 
tiirea-linlc dttin, irorking (Fr«r a tuned pitfey E; fbia motion ia 
aon4n>lIed by a poiraifnl break F, and the baokatB axe guided by | inch 
long-link chaing G. A Binglc-link oonnt^balonoe chain of the 

feunu' weight [icr foot as the lautliiig chain D, is attaclied to the l>ottoin 
of each bucket and Langs loose in the pit, for the purpose of biJ;in< iiig 
the landing chain. The pit is an upcast shaft, of about 6U0 feet depth ; 
and the qnantily of coal raised is from 250 to 300 tons per day of 
12 boars. Theee water balance niBohines are extensively used in the 
Welsh ironwoika, generallj npon mines having free drainage, where 
thflj are a cheap meuis of raising materials. The cost of erection is 
smaU ; and a hreaksman is not reqnired, as one of the landers at the . 
top of the pit works the break. Even where the water for working the 
talaucc niaehine lias to be pumped up ]>y the engine, as in the above 
case, it is a cheap arrangeinent for moderate depths, when the quantity 
of material to be raised l& moderate, say under iJOU tons a day. The 
time oooiqded in filling the backets Hmits the amount of work ; and 
800 tons a day may be taken as the maxi^lam quantity that can be 
raised with safety by snch a machine from a depth of 600 feet. The 
indireotness of app&cation of the power is more than compensated for 
by the si^erior economy in tibe employment of steam in the Cornish 
pumping engine as compared with the ordinary bigh-presanre winding 
engine. 

During the latter half of the last century water wheels were very 
generally used in raising coals : these were either single wheels, or with 
a double n>w of bookets set in reverse r r lor, which enabled the motion 
to be rerersed more ezpeditionsly. Where water was not to be had at 
the tarlaoe, the steam pomping engine waa made to pomp the water 
which drore the water wheel ; and an extra power was tkos expended 
in lifting the water, cqoal to that required for raising the coals from 
the bottom of the shaft. The double water wheel erected at Walker 
Colliery near Newcastle by Smcaton in 1778, 8ho^v^ in I'igs. 13 and 
14, Plate 5, drew 30 corves, eaeh containing 6 cwts. of coal, fruiu a 
depth of 600 feet in an hour, being at the rate of 100 tons per day 
of 12 hoars. In this apparatus a Newcomen engine was employed to 
pfnmp water into a tank A, from which it was discharged on to the 
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wheel B bj €910 of the two spoiitB CG alienuttelj, Ae wheel livnsg 
two sets of Iraokets sef in opposite direotioiis for giving a reverted 

in(iti<:*ii ; and the lander readily started and reversed tlie ■mnding by 
pulling the eords D at tbe pit mouth, or stoj>iH'd the wheel l>y the 
cord E putting on the break F. As late as the year 1797 there were 
still numerous water -vTheels, with rope rolls on the Beme axle^ fti work 
in the ooal distnote of Northtimberkad aad Durham. 

The ftpplieetion of the eteaia engine cUreotly to winding le of reoeni 
date, llie mtrodnetion of the steam winding engine haa been the 

cause of material changes in the nndergroimd arrangemente : for, hy 
enabling much larger quantities to be drawn daily fmni a siny;le }iit, 
the necessity for sinking other pits is ubviuted ; and this again has 
occasioned great improvements in the underground modes of conveyance 
with a view to increased facilities of transit. With fewer pits better 
roads are reqmied, and also hotter yentilation : so oertainlj does one 
step in adTanoe lead to others. With the large winding engines now 
used in the north of England, whidi are often of as much as 100 to 180 
horse |m >w(t, working upon a first motion, the average perfbrmanoe may 
be staled at 400 tons raised in 12 hours from a dt^ptli uf 900 feet : thi^ 
includt's the time occupied in drawing the ^vurknun. The average 
winding rJpe^d in the shaft is from 15 to 20 feet per second or 10 to 13 
miles per hour. In some casesi but not univorBally, a heavy counter- 
balance chain is wonnd round a continuation of the axle of the 
flywheel, for the purpose of balancing the 'wdght of the long kng& 
of rope and tubs iuU of ooal» when in the aet of being lilted from 
the bottom of the pit, against tiie short length of rope and empty 
tubs at the surfitce : the chain works cither into a et^le (or small pit) 
sunk for the purpose, or uj)on an inelined plane. 

The double-cylinder winding engine is Ijuing introdaeed with snccesg. 
Pig. 15, Plate 6, is an elevation of the double-cylinder horizontal 
winding engine now working at Burradon CoUieiy near Newcastle. 
In this case the flywheel and counterbalance chain are dispensed with» 
and the engine works the rope rolls direct a fiist motion. The two 
cylinders are 26 inches diameter and 6 feet 6 inches stroke, coupled to 
cranks at right angles on the shaft of the rope roOs, whidi are 15 feet 
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6 inches diamelery yrotkang mdi a flat mte rope j ineli ildck and 
weighing shoot 16 lbs. per fathom or 3f Ibe. per foot. The pit beiTig 

900 feet deep, about 18 revolutions are roquiioil in windini; : so thut 
tlie tliameter of the dniin is inoreasoii from 1.").^ to 17| feet. Each load 
consists of 25 cwts. of coal, and the time of drawing is just 30 seconds, 
ma^lring the averago winding speed 30 feet \wv second or 20 miles 
per hour. The time occupied in drawing md chaDging the tabe is as 
nesrly u possible 1 minute ; and the aotnal windiiig power is therefore 
75 tons of oosk per hour from a depth of 900 feet. The engine is 
woiked with high pressore stesm of 85 lbs. per square inch. 

The avemge cost of ndsing eoals hy winding engines^ for raising a • 
quantity of 400 tons per day, iucludiiig mainieiiaiice of the wire ropes, ' 
coals for the engine, repairs of engine and boilers, and men's wages, is 

0^0 per ton for 800 ftet dipth 

1'07 ... 600 

1-43 900 

2*08 1200 

The arerage cost of maintaining the psir of wire ropes is £1 per year 
for each &ifaom of depth, or Ss. Sd. per foot per year. 

The principle on which the iij wheel and counterbalance cliuin are 
dispensed with in the donhle-ovlinder enjrine is the same that of 
employing two men or rather two half men instead of one in the original 
windlass: so long are principles, assumed three centuries ago, neglected 
before the/ are brought into practical operation. It is obrioiiB that the 
donble-qiinder engine with eraoks at right angles to each other renders 
a oonnterbtlanoe mmeoessarj, bj enabling the power of the engine 
to follow the crank throughotit the entire revolntion ; and for the same 
reason the ily wheel an an ei^ualiser of tlie power is dispensed with. 

After the introduction of the steam engine and its application to 
mining purposes as a means of drainage, the motiTe power of horses 
on railways was sneeeeded by that of fixed steam engines with ropes, 
and self-acting planes, methods which continue in nse ; bat even so 
earl/ as 181S a looomotive engine was emplojed for leading coals 
along the Wvlam ooBieiy railway* Hie Newcastle coalfleld was also 
the earliest scene of the genius of George Stephenson, whose first 
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locomotaves wore constructed in 1814 for the conveyance of ooftlt along 
the KOliiigirorth oolUeiy lailwaj, and with the Wjlem engine mey be 
regerded ae oonetitatiiig tibe commenoement of that modem nilwag^ 
qretem whkh liae been developed In lo extraofdmaiy and xapid a 
manner. 

A circumstuuce which ap]»ours anomalous is the very late introduc- 
tion of railways undergrountl. wliioli Jitl not take jihico in England 
until about 60 years ago, a century after their employment on the 
surface. But this may be to a great extent accounted for 1^ what 
has been already notioed reepeeting iiie ainkiiig of pits : to loqg aa 
ib^ were sank tolerably doee together, the aeoewitgr ibr improred 
means of nndergroimd tianiit was not ftlt; bat after deeper idts had 
been sank and the distanoe of ^ woridngs from the shaft became 
consequently greater, the system of sledging, carried out first by 
manual labour and then by horsc^s, pfradually yielded to an imitaLiou 
on a smaller seale of the uu*>«icii railways employed above ground, 
which enabled a horse to drag two or three of the basket corves 
infltfft^ of one only. By slow degrees cast iron and ultimately 
malleable iron nils were introduced ; and aa the Ifst improvemeniy 
the carriages conTsying the coahi were bfoqght from the free of the 
workmgs to the snrfiMse on their own foot," that ia wilhont Aii^yging 
the mode of transit. 

Horses and ponies are diiefly employed for the purpose of under- 
groun-l oonveyanee, and minute ealeulations have been nnule of the 
expentie of this mode oi cuUM yanee. ( )n a dt '^^eendiug gradient of 
1 in 144, the railjs weighing 22 ibs. per yard, and the tabs oanying 
from 7 to 10 cwts. of coal each, a horse brings out 84 tons of coals 
per mile per day at a cost of 3 ld. per ton per mile, inftlmiin^ 
haulage, maintenance of carriages and way, but not interest on capital 
of oonstraciion. Th» gross weight of a train in this case was 6| tons, 
the weight of coals being 4 tons and the weight of the carriages 
2^ tons. On tiie cofitrary with an ascending gradient, now rarely 
tolerated, the expense has been known to amount to Sd. per tt«n [)er 
mile. In cither case the u«e of midergromid railways is a great 
improvement upon the previous sledge system, under which a horse'is 
performance was not more than one tenth of its preaent amount. But 
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a cbetper mode of mdergroiind (fbnvejtnoe U ttOl wtatod, ibe cosi 
being on the arenge three or fonr times as much as that hj Tafhrays 

on tlio surface. In cases where coals arc to be broiitrlit from distaut 
workings,. a steam eiit,nne placed at the bottom of the pit is sometimes 
employed ; with an endless wire rope where the way is level, or double 
ropes where the gradient is sufficient to enable the en^ty train to 
oveiluKil the rope : and in this case the ooet has been broaght as 
low as 2<i. per ton per mile. Hie aelf-adang inclined plane» fint 
introdneed hy Ifir. Bames at BenweU GoUiery near Neweastle in 
1797, is also employed nndcrpfromid, an application for which it is 
peculiarly suited owing to the uaiiuaily inclined position of the strata. 

With regard to the ventilation of mines, the agent employed for 
this important purpose in the Northumberland and Dniiiam district is 
a raiefied oohmm of air, heated by an nndergronnd fbrnaee, or in a few 
caaea by a fbmaoe and dbinmey at the sorfree. The 
conditions esteHighed by the rarefiMtion can readfly be calcalated, aa 
they depend upon the mean temperataie and corresponding weight of 
Ihe expanded or npeaet column of air, oompmred wiHi tiie weight of the 
cold or downcast column of air of the .same length ; the motive or 
ventilating power is thus easily ascert4iined. In the case of Haswell 
Colliery near Newcastle, for example, the observed mean temperature 
of the upcast shaft is 163^ Fahr. , and that of the downcast may be taken 
at50°. The depth of thenpcaetshaftis-eaeieet; and the weight of the 
i^caatcohmm of sir of thialengtli at 165^ is the same as that of acolnmn 
of 766 feet length of air at 50^ : the expannon of air for each degree 
Fdir. being ^ th of its Tohone at 8S*, or » u ^ of its Tolnme at 56*. 
Hence the cohmm of air in the upcast shaft wonld stand if cold at a ' 
height of only 76G feet; and therefore the eiTcct of the furnace is to 
lift the air through the further heip:ht of 170 feet, and this work is 
done upon the whole of the air passini^' up the shaft from the mine. 
The observed quantity of air passing through tiie mine is 94,960 cubic 
feet per miniite <^ air at 50", or 7407 ibs. per minute, the weight of 
1 eohoo foot of air at 50° being 0*078 lb. Therefore the nsefal 
hoise power developed by the famace is 7407 lbs. UAed 170 feet in 
1 nunnte, or 1,359,190 lbs. lifted 1 foot In 1 minnte, which divided by 
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88,000 gires 88 hoiw powar as tli6 venfQating poirar of the inniioe. 
!nie coal oontnuiMd in tbe foniaee is 8 fiw. p«r mnuite : beneetiiedQtjr 
performed is 17,628,660 lbs. nosed 1 loot high bj 1 owt. of coal. 

This is therefore the actual result obtained witli the vcutilatuig funuice 
at Haswell Colliery. At So^^'liill Colliery near Newcastle the duty is 
only 5,578,33.^ lbs. raise<I 1 foot lii^h by 1 cwt. of coal : the quantity 
of air passing through the mine is 42,700 cubic feet per minute. 

In botli the above examples the rate of datj obtained with tiiie 
-ventilating fjomaoe IS low : and it may indeed be mgaided as a lemaik* 
able cizenmstanoe that purely meohanioal appliamoss have been so littie 
used focyentOating mines. Tbe writer is not aware of a single example 
of ventilation by meehanieal means in the two great ooal mining 
counties of Durham and Northumberland. Elsewhere meehanieal 
appliances are iu use f«jr \ cutilating mines, and amonsrst them may bo 
mentioned Struve's mine ventilator, several of which are employed 
in the South Wales colliery district, at the Eaglesbush, Dyflfryn, Risca, 
and otiier ooUieries. This ventilator is shown in Plates 7 and 8 : 
Hg. 16, Plate 7, is a sectional elevation, and Fig. 17 a plan ; Figs. 18 
and 19, Plate 8, are vertical sections. The air is drawn firom the mine 
by means of a. pair of large aerometers AA, made of boiler pUte 
and similar in constrnction to ordinary gasholders, each working up 
and down in a circular chamber of brickwork B, the bott^>in edLro of 
tlie aerometer l)eing immersed in an nunular trough of water C in the 
walls of the charai)er. At the top and bottom of each chamber are 
two sets of air valves I and O, consisting of simple wooden flaps 
bnng npon vertical gratingSi which open inwards on the side I 
oommnnicating witb tbe pit, and ontwards on the opposite aide O. 
In the up-stroke of the aerometer, the air firom the pit D is drawn in 
along the passage E and enters below the aerometer through the bottom 
inlet valves I, while that above the aerometer is expdled through 
the top outlet valves O ; in the down -stroke, th(! air below the aero- 
meter i"^ exjH'lled tlir()uu;li the bottom outh't valvef^ while more air 
from the pit is drawn in above the aerometer through the tup inlet 
▼alves I. The two aerometers are work«'d by cranks at right angles 
to each other, tbns nndenng the diaoght of air firom the pit praotically 
uBifonn. 
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ITp to llio prMeiii period tlie ywidm mtii6biam employed Ibr 
ventilating have not supplied the same quantity of air as is obtained 
by the underground furuace in well laid out coal mines, wher© the air 
cbanncls arc maintained in proin r coiniitiou and are of au nroa iu no 
case leM Uuu 40 square feet. However satisfactorily therefore some 
of thete i»«<^liin«« considered sepamtelj may have w(»rked, they do not 
At pneo&fc offer safBdeni reMone for mpmMag gtmaXij the fomaoe 
▼mtflalioii. They eie aleo Uible to denngeiiieaty a& Impoirtaiit festoie 
not applioable to the ftiniMe ; for e?en if the fiie he extingniihed, the 
beet of thevpoiflitflhttft is ttiH enffioientto eeiiee I3ie euvolstuni of ft free 
air current for a period of some days. Tlie simplicity of its construction 
is also a great argument in favour of the furnace, which thus continues, 
with all its inoonvenionces, to be the principal ventilating agwt for 
mines. 

Ifae labours of the Mining Institute of Newcastle may be expected 
to ooodnee to the improvement of the ventOntion as weU ae of the 
dtninege and working of mines : and may probably be the means also of 

developbg principles the importance of whioh cannot at present be 

appreciated, whether as regards economy of production or secnrity 
against tliof^c ti'rrilde ex])losions of tire damp which continue to l>e the 
bauc aud re[)roac]i of modern luiuing. 

Before the introductiou of the safety lamp, mines liable to issues 
of fire damp were lighted by the steel -mill : by means of toothed 
wheels a rapid revolution was given to the steeled rim of a wheel, 
sgainat nhkh a piece of flint was at the same time heldy and the 
stream of sparks prodncsd wsa adfioient to gtw at least a foehle 
degree of Ulmnsnatmn. The prino^ile of this mode of lighting depends 
upon the eircmnfltanoe that fire damp or light carhnretted hydrogen 
requires the contuct of flume for its isj^nitiou, and is not tired by merely 
incandescent j?ui<stance.s or by very small pointsi of flame. In this 
respect it differs from eitl^ hydrogen gas or the other compounds of 
carbon and hydrogen. 

It has ihns been endeavonred to trace the meohanical appliances d 
ooel mimng frcm the eailiest periods down to the pnseat time. At 
first, it has been seen, the beds of coal lying dose to the snrfiwe were 

o 
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wodced the sunilegt nuobaiucal meuis; vluld in ihe gndiud 
pTQgreBS onwud titera is « eonvflponding mqaOTement of maetHkerft 
TwdaDg at lut m tbe iqiplication of the most pow«rfiil agouiM now 
in use. From the original jack-roll, sdit, and pack hone, to the 

Bteam entwine and the ritihvay, tlie progress is not a little curions. 
The coalmines of Northumberland and Durham, which liad so small a 
beginning, are now, according to an cstimato based upon returns made 
to the coal trade offioe, dnined and worked bj 443 steam engines, 
fepmenting 26,740 commenaal horse power. Tim prodnotion last 
year wa« nearij 16 million tons of coal, being one qnarter of the 
total prodoioe of ooal Tiiaed in Great Britain. If in the absenoe of 
aoeoiate Btatisties a omilar scale be assumed for general application, 
it will be found that the total eoal production of Great Britain employs 
nearly 2000 steam engines, of an aL'trrcgato of 1 20,000 'commercial 
horse power, but representiii^j: the actual vvurk r>f about '500. OHO 
horses : a singular contrast with the still recent |^>eriod when two 
solitary poraping engines lifted the water from mines on the banks 
of the I^. 



Mr. J. E. MoCoNNELL enquired, in reference to the different kinds 
of steam engines employed at collieries, whether the comparative 
advantages and economy of high-pressure uuu-condensing engines and 
low~pre«:5;nre condensing engines had beeu ascertained. 

Mr. Taylor said the oompaiison had not been speciallj made, and 
sufficient results had not been obtsaned to form a comparison at 
present ; the i^Ucation of the doaUe-cjlinder direct-acting engine to 
mining pniposes had heen only recentljmade in the Newcastle district, 
and it had not worked long enoogh jet to afford reliable resnlts. It was 
howerer coming into extensive use, with the object of simplifying the 
machinery by dispensing with the heavy beams of the old pumping 
engines and snbstitntinLr direct -acting crank engines. 

The Chairman a&ked whether the double -cylinder engines referred 
to were expending from one cylinder to the other. 
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Mr. Tavlou replied tlioy were only two iinlojx'iidont cyliiulers, 
♦ working cranks iifc right angles, so as to start at auy point of the 

stroke. For drawing coal high-pressure non-condensing engines were 
generally used, on account of simplioity of construction; and wize 
, Top66 had now almost mu^enally snpeneded ilie old hemp ropes, and 
weie » great improyemeiLt In pami off dniiability and economy. Tb» 
coat of maintaining the pair of mre ropes was abottt £1 per year for 
eadi fathom in depth, or 8«. 4<f. per foot ; and ihe average oost of 
drawing coal, including maintenance of the wire ropes, engine power, 
and men's wages, for raiding a quantity of say 100 tons per day, was 
1-07^/. per ton for 60U feet depth, and 2'02d, per ton for 1200 feet 
depth. 

Mr. H, G. LoNORiDGE observed they were mtich indebted to 
Mr. Taylor for the information giren in his interesting paper on the 
progressiTe application of nuwhineiy in iroiking mines ; and he would 
be glad to hear some farther remarks on the present requirements of 
> mining operations, and on the applications of maduneiy now in progress 

of extension. He thought there were great openings for improvement 
in pumping and mechanical ventilation ; and in pumping direct olTthc 
crank motion there was an important advantage, particularly in sinking 
pita. Some of the present pumping 'engines, such as the large one at 
&e Hartley Colliery, had a very heavy beam; and he thought this must 
waste moeh power, which would be prevented by the adoption of the 
direet-acting i^ank motion. 

Mr. Taylor said they were endeavooiing in several plaoes to 
dispense wi^ the combrons mass of beams and to pmnp direct off the 
crank : and at the [>iirrad(*n Colliery there was a large pumping 
engine working directly over the pit. The crank pumping engines 
were now used extensively, but had an yet been tried only in sinking 
the pits, and not for any great depth, from fear of the effect of the 
strain produced on the crank shaft by a heavy column of water. 

He thought there was the greatest room for improvements in the 
undeigroand conveyance of coals, which cosV at present three or four 
times as mnch as their conveyance above ground. The ooal was at 
present drawn underground by stationary engine power with ropes, or 
by horses j uuU the idea had occurred whether some kind of locomotive 
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pc>wer might be praeticftbk, perbaps worked hf oomprawodMrto aToid 
dsnger of fire. It would render ^-paUe aid if the nMmbcn of the 
Inetttation woold torn ^bmr attention to the subject, to deviae aooie 

suitable plan for the purpose. 

Mr. F. J. Bramuki.l rememl'orcd an ingenious plan introduced 
many years ago by Mr. Jolin Hague for conveying- power from the, 
enrfiaoe down into a mino by means of exhausted air, for the purpose of 
. woihing the nDdergroond incUnee or laiaiiig water from the mine. 
The plan was pvobaUy^not eqtial to pon^, lAeie the power wia 
wilhsn oonvenient dietanoe for applioalaon; but there might be many 
sttnationa where it would be neefid, siieh as in remote workinga, from 
the diffionlly or ezpenee of oouv eying pofwer for ordinaiy pumps to the - 
distance where it was required to be applied. In this plan the exhaust- 
ing power was obtained by air ])uni|)s wuiked at tlic toj) of the pit by 
a steam engine, and an air main wa^ carried down tlie ]»it to an 
oscillating winding engine placed at the head of the iadiue to be worked. 
For rusing water from the mine, the sunc air main was connected 
with a aeriea of eloee boxee, placed at about 20 fset height above one 
another and oommmucatiiig together bgr water p%iea with valYea, n 
degree of exhaustion being maintained in the air main equivalent to a 
head of about 20 feet of water : the water was raised snooessiTelj into 
these boxes by opening a communication between the air main and the 
alternate boxes siuiuiLaneously, exliausting tlie air frum them, so that 
eacli exlianfsfpd l)ox drew up the water from the box below ; and then 
by reversing the cuunnunications when this set of boxes was filled, 
the air was admitted to them and exhausted from the boxes which had 
just been onptied of water, into which the water was thus raised fhxm 
those last filled. 8elf-aeting floats in the several boxes were used to 
rererse the oommimioatiops without requiring machinery. Ibis plan 
serred a fit^ also to aid' the ventilation of the mine, by a portion Di 
the bed air being removed through the boxes. 

;Mr. II. Mauoslay tlionglit the adoption of mechanical appliances 
for the ventilation of mines was a subject of much importance, and wcU 
deserved more consideration ; the particulars of two plans had been 
already brought before the Institution, Nasmyth's laige ventilating 
fim at Aberoam OoHmy^ and LemieUe^a exhausting imuAw^ xmed in 
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iha Belgian mines, both of which had been in snooOBsfiil operation for a 
eooakifirable time. At the Elzbibition of 1661 a good OThanwting iaa 
tij Mr. Lloyd of Londm was ahown $ and alao an ezhanater by 
Mr. Fabi/of fi«lgi1lll^wllil^wa81rorldngat80lM 
aad was stated to be found eoonomioal of power. 

Mr. C. W. SiKMENs remarked that Tcntilation hy uiachiiiory was 
extensively carried ou in the coal uua/ - 1 IW lgiuui and the north of 
France ; this mode had been sacccssfuily employed there for many 
jrearS) and its application iraa being extended. Tlie application of 
power hf meohanical meaiis waa Undoobtadly tbo cheapest^ abatnwtlj 
comidewd ; finr in fcmiaoe veiitiktioii iSbid whole maaa of air that 
waa to be aet in motioa had to be heated, instead of requring 
only aa mndi heat aa waa neoeaaaxy for supping the power reqmaite 
to put that mass in motion. The aotnal cost of fuel would of course 
influence the i\Uitive eeonomy lliat eoidd l)e effected, and wuukl ullect 
the question «htT»'rently iu dilTerent localities. The upplicaliuu of power 
by exhausted aii* yessels that hod been referred to would also 
be expensiye where fuel was not cheap, owing to the loaa of power 
arising in exhausting air, both by the inherent impei&oiunis of air 
pompa and by the leakage of long mains. 

Mr. Tatlos observed that there were oertaudy sereral good plans 
of medianioal ▼enfilatioii, wlu«li had gone far towards aooomplishing 
the object desired ; Struve's ventilating nu\chino used in some of the 
South Wales collieries was a jj:ood one, liaving proved one of tlio 
most tsuccessful in working and in the quantity of air diseliargcd. 
The total quantity of air howoTor at present snpplied for the ventilation 
of a mine hy these mechaakal means was ooa^Muratively small, amount- 
ing generally to only about 15,000 to 26,000 cobie feet per mmute, 
none haying maintained he believed a greater quantity than about 
50,000 eub. ft. per min. in regular work : but witli the fhmaee venti- 
lation the quantity of air snpptied by a single shaft was 100,000 oob. ft. 
per mill., aud reached as much as 150,000 cub. ft. per min.; and he 
thought this much exceeded what was practicable l»y mechanical means. 

In all attempts at replacing i&umaec ventihition by mechanical 
applianoes, there were three requisites to be kept in view : — Ist, the 
same quantity of air to be supplied; 2nd, the supply to be equally 
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o<Mi8taat and free firoiaiiikof demigeiiiflnt ; and Srd, gntter eoooomy.-* 

He did not iviah to iBaintain the absolute impntoticabilily of some » 

aatis&otory mode of meclMmicAl ventilation being ultimately arrired et^ 

autl sliould be verj ghul if it coulil bo accomplished ^ for tliere were 
serious inconveniences eoiuiocted witli the present furnace ventilation, 
such as loss of heat by radiation and conduction from the upcast shaft, 
the corrosion to wliioli the iron tubbing in the shaft was exposed, and 
the iiyaij and derangement of the timber work in the shaft by the 
heat, partionlarlf where the ahaft was dnided thfonghout hf a wood 
hrattioei There werepartioidBr oaeee also where mechanical Tentalation 
was aerrioeable, as m smking pits, to maintain the requisite ▼entflation 
until the mine was sufBcicntlj opened to allow of the furnace being used 
for the purpose. But for general application to the dani^erons mines 
in the nortli of England, where it was e!?sential to maintain the veati- 
latiou without ri^k of derangement from stoppage of the maohineiji 
he considered tiie fdmaoe system would still be preferred. 

Mr. C. W. SnycBHS thoqght that the mere aotosl qnantit/ of air J 
flnpplied hf any ventilaiiiig apparatns shoold not be considered to 
affect the lesnlt ; for if it were found that 10,000 cnlnc feet of air per 
minute oould be supplied more eeonomioallj by medhanioa) means than 
by furnace ventilation, the same economy would apply to a larger 
quantity, Buch as 10U,UU0 enb. ft. per miii. ! 

Mr. Tayj.uk feared that with mechanical ventilation a double 
apparatus would be required in order to provide against any aoddwtal 
stoppage bj having duplicate machinery ready to work at the moment ; 
and tiie question of the total quantity of air to be supplied then became 
an important practical consideration, finm the complication of madiinefy j 
involved when the quantity was very large. At present the fbmacea { 
were dmple and safe, however great the quantity of air might be ; and | 
even if the tire was entirely out for a day or more, the heat absorbed I 
by the sides of the shaft would be suthcieut to keep up ventilation for J 
the time. 

Mr. C. ISiIay considered that the simple question was by what 
means of appljring the fuel could the required mass of air be moved in 
the dieapest and most effideiLt manner ; he did not think that the plan 
of heating the entire mass of the air was the proper way of aniving at 
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this dendentmn. And m ngaided ilid qnaiHxty of aur, if tm nmoh aa 

100,000 cubic feet per minute were required, he did not see why it 
could not be diviiled between three machines ; and out of the three 
mnchine*? hp thought, considering the simple construction of machine 
required, two might bo safely relied upon to be always at work : by 
■oeh meiiw meohanioal rentibtion miglit be miide folly equal to the 
pveBentfeniaoet in ceirt Mn ly indsifefyiWluktitwoaldlimAdvsniagw 
VMttainabk hf the oAer plan. 

Mr. E. A. OowpiB obaenred that the &n posieaaed great oapahiU- 
ties for moving large quantitiee of air at a low pressure, mid had 
iinportaiit advantatjos in its 8im|)lirity of construction and freedom 
from risk of d»'ran<ronient : it was also economical in thv ajiplication 
of the power when properly proportioned, in some cxixM-iments that 
he had tried with a blowing fan 5 feet 6 inches diameter tiie oaeiul 
flffeet waa foond to be 74 per oent. with the ordinaay mnking p roMiu^ 
of about 7 indMo of water : thia leanlt waa obtained from a number 
of e xp e ri menta, the power employed being accnzmtely meaanred bj 
meana of a series of indicator diagrams taken from the steam engine 
when doing no other work than driring the fan ; the useftil eflfoct 
fihiuiaed from the fan hein.^' cah-ulated froni the area of the tuyeres 
blowintr into tlje cupolas, and the pressure and corresjiondiix.r vrlncity 
of the air. Now with the furnace ventilation it appeared from the 
inTOStigations that had been made that a very small percentage of the 
power due to the consunptum of the foal waa obtained aa nsefiil 
effect ; and therefore if by meana of a yentilating &n 74 per cent, 
oonld be obtained of the naefol effect dcTelopedl^ a steam engine, he 
thought a oonsiderable margin wonld be given for economy in the fbel. 

Mr. Taylor said he would be very glad to see the expenmentfhily 
tried on a large scale, as the experience of actual wotkiug would be tho 
only way of fully det4>rmining the quesinai ; there was of course gjeat 
relactanoe to change a plan that was known to answer for another on a 
different principle, since the safety of so great an extent of life and 
pn^perty waa inTolved, more paiticolarly in. the large and fiery mines 
of the Newcaatle diativit ; and a sericna difficoltyconaiatedinthegreat 
coat of any eaeperiment which ahoold be large enough really to deter- 
mine the point. 
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MOmO lUOHmBT. 



Mr. 0. W. Siaimra raiaiked tiiai, in ttksm» to tiie oonpaiim 

jmiiiping engiM and dinet-aotipg engines, tliefe 
seemed to be some ambiguity as to the power required to put the 
weight of the heavy beam in inotiou ; the only loss of power arising 
from tho weiprht of the beam would be the extra friction oauseJ l)y the 
iucraased presfioro on the rubbing surface of the beuu gudgooufl, for all 
the extra power required for puttiiig the heavier mass into motion in 
the fizst portion of the flttokewM retornedagaiii t^dniggiiigthialMtfiL 
fonnurd in the littler portaon of the stroke irhilst the propelling power 
of the steun wae dhnmlehing. 

Vr. H. G. Lovonroon thoogfai thai view oonld not be eorreotly 
applicable to the present case ; for, if the friction of Uie beam were 
siij)posc(l to be greatly reducetl l\y anti-friction rollers, so litth? ])owttr 
would Lheii l»t? reipiimi to keep tlie heavy botly in motion that it would 
appear to ap[) roach the fallacy of a perpetual motion. 

Mr. 0. W. SiBinira replied that a foroe proporttonate to the inertia 
of the bean would be reqnirad to eet it first in motion ; hot if it were 
Biq;ipoeed to be plaoed between two springs resisting its motion eqnsUj 
on each side of the oentral position, tiien the Covee originaUy imparted 
to the beam in starting it into motion woold be spent in the eo mp ie e sion 
of the opposite spring, and would be all returned again by the recoil of 
the s^tring if of perfect elasticity ; and the beam would be propelled 
back to its first position with the same velocity as before, causing the 
similar compression and recoil of the f)ther spring. The beam would 
thus oontinne to osoiUate backwards and forwards like a pendulum, 
however havrj it might be, without any farther power being required 
bfljond what was neoessaij to oreroome the Motion of the besiings. 

The CHAnnAV proposed m vote of thanks to Mr. Taylor for his 
paper, whioh was passed, and expressed his sense that they were mmsh 
indebted to him for the trouble he had taken in the preparation of his 
very interesting paper. 

Mr. J. E, MoCoNifELL suggefited the (iesirahility of the comparison 
between high-pressure aud low-pressure engines in the Newcastle 
district being followed out, as to their relative economy and advantages 
of Implication, whioh might form n good subject for a iotars paper $ 
and he thought it would be Tery serviooahle if returns oonld be obtained 
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of tiie workmg of iiie enghiM in tliat distriet and alio In the Steffbid- 
dnre md otiier dislriets, audi as bad been earned oatm tbeoaaeof llie 

Cornish engines with such yalnable results. 

Mr. Taylor said he should be happy to follow np tlie buhjcct l>y 
carrying out the comparisou between the low-pressure and high- 
preesnre engines of the district ; and he thought the Mining XnAtitate 
at Newcastle was likely to be very beneficial in promoting enqimy into 
ibeaobjecfc. In thatdistiklboweferlliejwereinaacmiewbaipeoalw 
pofliiloii aa tagaxded the coat of liiel Ibr rteam power^ fromthA cnemn- 
itance that the ooal for the London market, the greater portion of the 
whole qnantitj ndeed, bad to be oarefiil 1y x)repared bj aereening ont 
the slack, wliich remained of so little value for any other purj)ose than 
boming under the colliery engine boilers or in the ventilating furnaces 
that it conld be taken at only 2^. per ton in estimating llie cost of fuel 
for those pniposea. But in such a district aa Cornwall the oaee was 
just the rererae, the foel being there ao dear thai it wa^ necessary 
to study tlie greateat economy in ita coBaonqptiony to whidi other 
oonaideialioiia had to give my; and the Oovniah eogineevB had oonaa- 
qoeni^ attained a degree of perfection in tiieir pmnpmg engines that 
was not met with eleewhere, aa ehown by the effiMstive reaolti of their 
engines on a compariiion with the respective quantities of fuel consumed. 



The following F^iar was then read : 



H 
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DE80BIPTT0N OF A 

DRY-CLAY BIUCK-MAKING MACHINE. 



Bt Mb. BSNJAMIN FOTHEBGILL, Of MAXCBMnOL 



This machine, \fhich has been constructed bv Messrs. Piatt and Co. 
of Olilliain, has accoiuplished the object of making bricks from dry clay 
uith a procisinn, exactnt'ss, and rajtidity of mauufactiiro quito renuirk- 
abki and calculated to efioct a complete reyolation in building work. * 

The machine is now at work at Oldhtm, and the proccpf^ of 
mnnfiMrtttre is Ganied on m the maimer ahont to be deeoribed. The 
olay is taken from the bank in tramway iracka to a large abed or 
covered atorehoiise) in order to keep the machines at work in bad 
weather, when the clay cannot be got snificiently dry ; and nnder the -i 
shed floor is an nn an-ement of fines that can he heated to dry the clay 
a«! taken from tlie bauk at all times, i^ rom ttiis shed tlie <h-v clay is 
taken by an elevator A, Fiizs. 1 and 2, Plate 9, and shot into a hopper 
at the upper end of a revolving pulverising machine B, consisting of a 
Bcreen fixed at a slight inclination from a horiaontal position, and so 
oonstmcted and amnged that the clay is pounded and forced through 
it by crashers, while all stones and other hard substances are njeoted 
at its lower end. 

The pulveriser is shown enlarged in Figs. 3 and 4, Plate 10. The 
fixed shaft C is set at a sliirht inclination froui tlie liorizontal, an<l the 
ends hD of the screen revolve n{>nn It ; these ends arc bolted the 
longitudinal bars EE round tlie circumfereucey forming the scre^, 
which are of a wedge-shaped section so as to give a wider opening 
between thsm on the enter than on the inner side, to allow the 
pnlverised day a free escape, niere are also attached to the shaft 0 
^ihiii the ends of the screen two bearers FF connected by two 
longitudinal bolts, winch carry a series of cast iron cmshers or 
pulverisers GG, weighing ah<»ut ^ cwt. each : one bolt forms a fixed 
axis at the extremity of the pulveriserg ; and the other boh acts as a 
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si^port for them, in sueh a Buumer as to alkm a slight space betirosa 
tbflir extremities and the inner side of the screen ban £, to pre?ent 
actual oontaet whan the machine maj be working without clay. The 
screen is made to rerolve at about S5 rerolniions per minute by a 
pmion driving the wheel H fixed upon the upper end. Tlie clay is fed 
in by the liopjier I at the ujiper end, and by tbc rotary niovenu iit of 
the :!>cre<_ii is carried forward and under the pulverisers (i, Avliieli break 
up the Innijis and ] >r< the clay out through tlie spaces between the 
bars £ ; but owing to the manner in which thepolverlserg are arranged 
and sapporied they yield and rise when stones or other hard snbstsnoes 
are passing under them, preyenting any damage to the machine : and 
in consequence of the inclination at which the screen is set, the stones 
are gradually traversed through its entire lengtli, and ultimately 
rejected at the lower end which is left open for the purpose. 

The clay is then conveyed from under tlie jmlveriber by an ele% alor K, 
Figs. 1 and 2, Plate 9, into a revolvinir conical screen or j^ifter L, 
shown eni^rged in Figs. 5 and 6, Plate lu ; from which it lalis into 
the hopper of the briclc press M, Plate 9, in a state of fine powder : 
any partioles not passing through the meshes oi the sifter L are 
rejected at its larger end and conyeyed by a spout to a pair of small 
erushing rollers and thence "hwk by the spout O to the foot of the 
first levator A, where they are mixed with the crude day, and go 
through the ^ame process again. 

The brick press is shown enlarged in Figs. 7 aud 8, Plates 11 and 12 ; 
Fig. 7 is a front elevation, and Fig. 8 a transverse section. The side 
cheeks AA are fixed on the foundation plate and support the principal 
parts of the press. B is the frame or bed where the moulds are 
arranged and in which the bricks are formed. C is the sliding mould 
charger, to take the day from the hopper D, to the brid^ moulds ; an 
adjustable striker E is fixed upon the front of the hopper to gauge the 
charge of clay when beinir conveyed to the moulds by the forward 
motion of the lever F, ^^liicii i> aeUiated by the cam G, shown dotted in 
Fig. 8, fixed upon the bottom cam shaft H. Tlie lower ram I rest*? 
upon and is actuated by the cam shaft H, and is formed with four 
pistons K iqpon the upper surisce, each of which fits into a separate 
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bridk mould. Hie top cam shaft L giw notion to tliA i^por nm M, 
wbkh Ib also fonnod with loor pistons N 19011 tiio lower sm&oeyOizaelfy 
oorrespoTiding wiili tlie four lower pistons E and fitting into the same 
brick moulds. The two cam shafts are driven at tiie same qpeed 

the spur wheels O wbicli arc Jiiveii by the pmion P. 

The cams li S lift tlie iip])er ram M, and are so arranjred as to 
produce two successiTe elevations and allow two fulls of the ram and 
pistons in the formation of each series of four bricks made at each 
rerolntion of the maohine. TSio fiist Uow of the pistons^ after being 
raised hy the first earn B, drires the daj ont of the ftnr apertoies 
in the mould ohaiger 0, whieh hftve been bronglit dueoClj orer tiie 
Ibar brick monlds hy the motion of the lever F ; and oampneses the 
claj into the moulds, thereby expelling the air from it : a Tery heavy 
blow is given hy the pistons upon the clay, the total weight of the 
falling parts Leing nearly 1 ton. The pistons are then raised by the 
second cam 8 to a suitable height to allow the mould charger C to 
more beck to its former position undemeath the hopper D, for the 
purpose of bemg fiDed with another charge of oLaj. A second bhnr of 
the pistons then takes pilaoe, thoroogUj condensing the day in the 
moulds $ and the final pressnre to finish tiie bricks is then given on 
the top side by ihe pressing cams T acting upon the friction roUen U 
which arc fixed on the upper ram M : this douiiward pressure is met 
by a simultaneous upward movement of the lower pistons K, given by 
the eccentric form of the bottom cam shaft H. Th^ shaft H is also 
formed so as to raise the bricks up to the top scir&oe of the mould 
bed B after the pressure is completed, whence they are remoyed to the 
table y hy the forward movement of the mould charger 0^ when 
deUvering the dutrge of clay for Ae nert set of brides. An india- 
robber bnlTer spring X is placed in the iqpper nm M, to receive the 
ooncnsdon of the fidl of the ram npon the cams R S, in case Ihe madiine 
should from any cause mn without clay. Bj this arrangeiiH nt of 
applying the pressure both below and above feiimiltancously the bricks 
are kept in continued motion, sliding through the moulds whilst the 
severe pressure of the cams is taking place ; which giycs a fine polished 
snr&ee to the sides of the brioks, and ensores tlie angles being all 
filled 19 conq>letely sqoare. 
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Tlie whole prooeu it thus entfrdy 0elf-Aotmg» from the crude day 
iMuig fed into the ptdreriser ofiit of Ifae .dijing shed, to the hiioks 
hemg finished l^e piress ready for the elamp or Idhi ; and no waste 

of material takes place, other than the rejection of the stones by the 
pulveriser in the first process; and no process (jf dryinf*' the bricks being 
requisite, they are taken direct from the machine and stacked in the 
kiln ready for burning, thus avoiding risk of damage from handling 
whilst in the unbaked state. The chij may be mixed with hreese or . 
MheSy or chalk for white bricks, or other siiBh substaiioes, the 
madunes workliig any sort of day or mixture equally wdl j the press 
by its eztrsBM pressure Ibsms a perfect bridt in the nnhiimed state, 
and an imcommon hardness and dcssnees is obtained quite imprac- 
ticable in hand-made bricks. 

By this process of manufacture, within a quarter of an lionr, claj 
may be taken from the shed in its crude state, and tlie bricks delivered 
by the press, taken by a tramway, and landed in the kiln reildy to be 
burned in the usual way. Buildings have been erected with these 
biidn ; and it is fomd that with caze in setting the bricks the inside 
Bor&oe is as perlsct as the outside, and is ibiflhed without any occasion 
for phater. For bricks so perfectly fonned it might be espected that 
great care would be required in manipulation, and the prodTietion must 
necessarily be slow. The reverse is however the case, auJ the foUovf- 
ing is the result of actual M l;infir. The mactiinery prepares the clay 
and completes the bricks at the rate of 30 bricks per minute or 1800 
per hour ; in one day of 10 hours' work 18000 arc produced, giving a 
total production of 5,400^000 per year of 800 working days. Thus 
with a vary moderate amount of att^nlian paid to bnrmng, whldi is 
rendered eaqr by the great firmness of the bricks, fiye millions of 
perfect brid» may be burned from one madiine in a year; and 
reckoning interest of money for the outlay, plant, wages, rent of field, 
material, labour, and every other expense, the bricks, perfect and 
symmetrical as they are, are produced with the machine at a cost of 
only 12^. per thousand. 
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Mr. FuiiiKaaiLL nhowed a series of specimens of the aereral 
prooesns of the manufiMiiurey «ad a working model of the brick press. 
He stated th»t he had seen the auchiiie woildng several times, and the 
biioks in the kiln ; aod ihose exhibited were £ur spedanenB of the 
regular make : he was strode ivith the oon^leteness aad ingenuity of 
tiie mechftnioal amngemeiitSf the finished nature of the bridra, and t&e 
rapidity willi whicli they were produc<'(l. The success of machinery 
for inakiiiir i ricks depended mainly on the j)reparation of tlie material, 
and this uiacliiue ensured that nothing but clay was put into the bricks, 
and all stones were entirely separated by the action of the polTenser 
without any foroe being qpent in crashing them, the day being sillied 
to the monUs in a thoronghly nmfiwm state £or all the bricks. Also 
the action of tiie dies botii from the tap and the bottom, and their 
eontinned motion whilst the extreme pressore was taking place, was 
an important point, as it ensured ilie edges of the brick being finished 
full and .^luirp un hoth sides and provent.ed any risk of the brick 
sticking to the sides of the mould and producing roughness of the 
sorfiMie. 

Mr. W. Smith thought the machineiy was certainly ingenious and 
the bricks remarkably well finisbed in appearance ; but he had some 
donht as to the strength and dniabililgr of these or any other dry-day 
biidks; hetiuMight that these bridu, though more dense than the 
ordinary hand-made bdoks from the great preesure they were subjeeted 
to, would not resist the asme crushing weight as well burned stock- 
brieks ; and lie feared they would alisorh niueh water, whicli would 
expotee tlieni to injury from the weather. All fornnn- attempt^ at 
dry-day bricks had he bclieyed the defect of not sufiioiently resisting 
the action of the weather ; and he tiiought there might probably be 
chemical reasons preventing dry day from making as good bricks as 
moist day. 

3Cr. W. A. Adams had employed some dry-day machine-made 
brida some years ago in building an engine diinmey ; but though 

they looked pretty wtdl at first when fresh from the kiln, they were 
soon found to suffer fr(jni the weather, the edges and corners failing, 
and therefore he believed they would prove inferior in strength and 
dorahilitiy to the ordinary bricks. 
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.Mr. FovaiBCHLL askfld wbetiier tiioee brioks were found to be 
mdfioim m teztiire nben broken ; Ibr in preeaed brieks, if tiie supply 
of material was not fed nnifbrmlj into the uaehlnef there wae a 

euiallcr quantity towards one side of tlie mould than the othf^r, causing 
one side of the liricic to receive less pressure than tlie other au'l to be 
consec^ueutiy not so dense. He understood that the bricks now shown 
had been -found to stand well after long exposure to the weather. The 
mannftfltare of bricks was an important snl^eet for the i^Uoation of 
machinerf » end many ingenions attempts had been made to attain this 
objeet ; and if maehlneiy eoold be brooght to bear satisfiKstorilj for this 
purpose, it would prove a great advantage in eertainty and economy of 
manufacture, being independent of the causes of fluctuation and delay 
occurring in hand-made bricks. 

Mr. "W. A. Adams siii*l tlic brirks lie referred to were made in that 
neighbourhood by machinery, and were compressed in the mould by 
some kind of screw or other press ; they were he beUered about the 
same in texture as Aose now shown, and these he obserred appeared 
slso to hare a similar defect of softness at the edges. 

Ur. C. Hat observed that in the mannfiwtiue of dry-day bricks 
there were great practical difBcnlties to be overcome, whidi had in most 
cases proved much i^rcater than they appeared at first in the application 
of niacliinery to the manufacture. But the most serious difficulty he 
believed in dry-clay bricks was in getting them burned sufficiently ; 
they appeared to require considerably more burning than wet-made 
bricks in order to render them equally hard and strong. He had seen 
some American specimens of diy-day brioks which were oertainly Teiy 
good and hard, bat they had been homed nearly to the point of vitrifi- 
cation, theb specific gravity being S*8 or only 0*8 less than tiiat of 
granite ; thene were small sized bricks, used for paving and fronting 
liouses in New York. Many plans for making bricks by machinery 
liad been tried in America: ami he supposed the present niaeliine 
was originally an American plan, as he remembered seeing a model 
of one from that conntiy some time since, which was similar in its 
action to the present one, only the pressnre was not applied from 
below as well as from above so as to keep the brick in motion in the 
moiild. 
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Ifr. G. F. Mmns remaxked fliai ta important pomi in ihe 

machine would be tfie constraction of the moulds, as thej would require 
to be kept up to a sharp edge in order to ensure good work ; this had 
beeu found a difficulty in other luacliiucrs from the wearinj^' action 
of the claj. Ue asked whether tho estimated cost of manufacture 
stated in the paper incloded the ezpenfle of keeping the monlds in 
oomplete npMT. 

Hr. FoTHBsaiLL replied that liie Ml oost of keeping in repair was 
indnded intiie estimate : in other maddnes there was not tiie same 

for preserving the edges of Ae moulds, from the dremaatanee 
of the clay being made to felide across the edges of the nioidd in a partly 
solid state, which caused the cdcres to be worn away; but in this 
machine the clay went into the mould in a state of powder, and was 
compressed whiki in the mould, thus avoiding the wear of the edges. 
The ftoes of the moulds were formed of wrought iron plates casehard- 
sued, seoored by pins» so that thej oonld be easilj removed and 
lepiaoed whan desired. 

Ihe Sbobmaet obeerred that he had witnessed Uie working of the 
machine at Oldham desoribed In the paper, and saw the brioici made 
and in the kiln ; and could confi nn the statement that had been made 
as to the completeness and rapidity with which the bricks wt ix* tamed 
out from the machine, and that the specimena shown were fair samplea 
of the work produced. 

Mr. C. May feved from the eipenoioe of some large establish- 
menti for maktag bricks bj maohineiy that the e^iense of wear and 
tear wofold prove a mnoh heavier item than at ftrat expected, on aeooimt 
of theeattra ezposore to wear that the madnner}' was snbfeeted to 
from the nature of the material employed in tlu; manufacture ; and he 
thought the results of a year's continued working would be required to 
show the full amount. All the jduns that he knew of had suffered 
from this difiSoulty, which had prevented them from producing dry- 
day bricks for a moderate price in the long nm, tlioQgh they might do 
so for a short time after first starting ; and at one establishment on a 
Isige scale near Loodonf where alOO horsepower engine was empkiyed 
for driving the briok-making machineiy, the oost of mannfoctore, 
inclnding wear sad teir and interest on phmt, tamed ontmnbh grester 
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ibui was antidpated, and he understood it was fonnd that the brioks 
OQnld not he enppUed *t a profit in regaUr work fmder about 24«. per 
1000. He doubted the poedbUitj of eitpplyuig bricks in tihe long nm 
from the present machine at much less oost, and Isarod the wear and 
tear alone would amonnt to 6$. per 1000 brieks. He asked what was 
the cost of tlio machine complete. 

Mr. FoTHKH(iii,L replied that the whole of the machinery for 
preparing the clay and making the bricks was about £1000, complete 
for making four bricks at onoe as described, exclusiTe of the steam 
engine whidi was about 12 house power, and the building. 

Ifr. J. WnnwoBXH enquired what quantily of ooal was used in 
boraing the biieks, compaied with burning ordinary brides. 

Mr. W. RiOHAnnso» (from HessTs. Piatt and Co. of Oldham) replied 
that the coal used was not quite so much as in hurning ordinary bricks ; 
but the bricks exhibited had not been burned quiU? hard enough, and 
should have remained in the kiln somewhat longer. In all former plans 
of making dry-clay bricks he believed the pressure had been applied on 
one side only ; but in that mode of manufacture it was found that the 
farieka oould not be made equally hard and sound on the underside, and 
an adyantage was gained in the present machine hy the pressure being 
applied simultaneously both aboye and below. In the screw presses 
previously used the top surface of the mould became worn by rubbing 
upon the grit contained in the clay ; but in this machine the wear of 
the moulds was much reduced, on account of the mode in which the 
action of the die in the mould took place, and the ropairs were rendered 
very simple by the construction of the moulds with moveable plates for 
the faces ; he was satisfied that the eoet of wear and tear would not 
exceed Is. per 1000 bricks, but in the estimate of expense of menu- 
ftetnre it had been taken at 3s. per 1000, No doubt if the sur&oes 
were not quite hard they would be subject to considerable wear on 
account of the dust and grit to which the rubbing parts were exposed ; 
but the sides of the moulds were constnicted of wrought iron case- 
hardened and made very hard, which was found the best suited for the 
purpose, steel being too brittle and cast iron not hard enough ; the 
rubbing faces of the cams were cast in chills. 

The CHADMAir asked how long the machine had been at work. 

I 
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Mr. W. RicHARDBON replied that it waa oiigin&Uy an .VuiericaQ 
fffH^fao and had been working in the United States about 14 jeara ; 
the p rae cp * machine, which wai en ImpvoTeBieiii by Mr. Pkttt, had 
m&t hmk long con^etod, and the fint of the new maflhinrti had heea 
sent o«it to India after being woiked at ddham for aboai a nonth ; 
and another was recently started in ita plaoe at Oldham wfaerelt waa 
novr in regular work . 

Mr. E. A. Cowi'KK (Miqnir^H) what was cuasidered the relative coat 
of hand-made bricks ; he had made a quantity once for as low a cost 
as 12^. dd. per 1000, hut the average prioe would probably have to be 
takon at half ae nuidi more. He observed thai ht aome of the earlier 
attempts in wang mashmery tiie bfioto were sia^ moolded fizat and 
then pieiaed afterwards, and he did not know whether that was a 
prooesii that oould get them properly sonnd. 

Mr. C. May said that in the neighbourhood of London, wliore 
bricks were made in tlio lart^est (quantities and probably as cheap aa 
anywhere, the cost could not betaken at less than about 18*. per 1000 
at the kiln. In the application of mjtchincry to the purpose a great 
difficulty to be eneoimtered was the rough hands into winch the 
mafshinm had to go in the oidinaiy nm of rogolar work ; and little 
defects that would be attended to at once in a shop and sst lof^t before 
they eoold get far wrong, wonld be liable to be ncgleeted nntQ liie working 
of the machinery was interfered with by requiring expensive roj)air!i. 

Mr. W, A. An.AMH roniarked that in Minton's china nianufacture 
the dry-clay process was used successfully for .small articles such as 
buttons, which succeeded by beaiig quite vifctifiod ; but for plates or tiles 
he believed it had not been made to sncoeed, hom the work not 
standhig soffident firing and losing its shape. 

Mr. W. BicBAEDSOir said ihat in the nse of diy dny for Uie brick 
machine the day was not intended to be abeolntely dry, but ft waa 
prepared just to that degree of dryness that it would not cako and that 
a clod would fall to pieces when hit with a manl. This was fonntl to 
be the best condition of the clay for i\w pnrposc ; it ws& essential that 
it should not be too dry, and there was in reality a considerable portioa 
of moisture still in the olay when moulded into tiie brioks, as was 
shown 1^ the snrfoee and teztm of the nnbnmed brisk. 
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Mr. J. WmxwoKTH observed that one important {loiiit in the 
maimfacture was evidently to get the exact degree of drynofis throngh- 
Ofot «U the clay when put into the madhtDe. He l)«d seen, when in 
AnMiioa at the New York fixhihitum, a emular maehme for makiiig 
dij-eUiy brieks, wUoh aeemed to be worldng saooenfolly ; and he saw 
gtaat nnnben of the bricks nuule bj the maohuie for tale, and also 
many home bnilt of these bricks which seemed standing well. 

Mr. W. H1CUARD8ON said thedry-chiy biicks had been in use there 
iil>o(it t€u years, and had conUnued sound, and stood the weather 
Mtisfactorilj. 

Mr. C. W. SinoBMs suggested that as the prinoipal difficulty with 
the bricks now shown i^ppsared to be in getting tiiem bnmed hard 
enongh, it might be worth eonstdetmtioai whethor some miztaie of lime 
or oth«r alkali with the day might be emplojed advantageooslj to aid 
in the bnming by causing the bricks to tritrify at a lower temperature. 

Mr. Futuehghj. observed that his object in bringing the subject 
before the Institution wm to etimmnnicate to tlie members wlmi had 
been eHected in the application of ULaehiuery to brick- makiug ; as it 
was a particular adrantage for the loembera to keep one another 
informed on the mechanical operations and inventions going on 
aronnd, and to have the opportonity of disonssing their merits. 

The Ohaiskav proposed a vote of thanks to Mr. Fothergill for his 
interesting paper, which was passed. 



The Meetiii!^ then terminated, and in tlie evening a number of the 
^fenibers and their friends dined together in edebration of the Twelfth 
AnniTCKsaiy oi the Institntion. 
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PBOOBEDINGS. 



Mat 4, 1859. 



Tlie Gbitkral IfBimm of the Members was held at the house 

of the Institution, Newliull Street, Birmingham, on Weducsday, 
4th M»y, 1859 ; Hjcnby Maui>&lay, Efl<^., Vice> President, in 
the Chair. 

The Minittos of the last General Meeting were read and oonfiimed. 

The CaAXRMUr annouiioed that the BaUot Fvpen had been opened 
lij the Committee appomted for the poipoae, and the following New 
Memhera were duly elected 



MEMHEIIS. 



William Jamks AmuxAGK, . 


. Leeds. 


Baiiitbl BaeroWy 


. West Hartlepool. 


JOBHVA BuOKTOVy 


Leeds. 


JOBW 0. BUTKJIB, . 


Ijeedfl* 


WlLUAM ClAT, . 


Ijiveipool* 


PbTV BoTD EAflfllB, 


. Loetwitidel. 


William Fowlkr, 


Chesterfield. 


John Fraser, 


Leeds. 


Alfred Charles Hoaaa, 


. London. 


Jambs P. Hunt, 


. Birmingbam. 


Frederick William Kmov, 


Leeds. 


Jambi Knaov, Juv., 


Leeds. 


JoBV Mamvuio, 


Leeds. 


Edwabo Bivdoh Mabtsv, 


fitonrbiidge. 


Jamu Mobphy, . 


Newport. 
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HiNBT PkST, 

GbOROE BaNKH KfiNNi£, 

George Salt, 
Isaac t^LAXBS, 
Jomt FuDBBioK SmroBB, 
Tbomab Tahvstt, 
Ei>war TuBVBB, 
Jambs Whitbam, . 
JostTB WbiteaiI) . 
Richard Price Williams, . 
Gborge Wilrow, . . . 

FbANCIS W&IQLEY, 

BOirOBART XBHBBBS. 

John Bailet Holrotdb, . 
JoHV TowuuooB Lbatsbb, . 



Carlisle. 

London. 

Bradfoid. 

Rinninghain* 

TiondoB. 

Leeds. 

Bmdford. 

Leeds. 

Leeds. 

Leeds. 

Sheffield. 

Manchester. 



Halifax. 
Leeds. 



The IbUowiBg Piper was then read 
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DESCRIPTION OF THE PUMPING ENGINE 
AT THE NEWCASTLE WATER WOBEfi. 



By Mk. ROBEBT MOiUUSON, op Newcastu&oi^.Ttss. 



The Ftanping Engine forming tbe snbfeot of tiie pneent ^ptapn 
was constrncted by the writer for the Wliittlc Dean Water Works, 
and lias been erected near Benwell, a village about two miles west of 
Newcastle- on -Tyne, where filter beds and an extensive pnre water 
basin have likewise been recently coDstmcted. Aboat ten miles west 
of Benirall| ftl Welton, there are eight eKtemlve ooQeetiiig end 
eettliBg na onmB f eaUed tiie Whitde Deea raeervcin, eontaimiig at 
yienr ordhiaiy higli irntar kirel 600 milfioii gaOoiiB of water, hut 
ei^aUe of holcfing a mnoh gfeater qtnntity. The average low water 
level of these reservoirs is 860 feet abore the high water line in the 
Tyne, and tlic water is conducted into the towns of Newcastle and 
Gat^^ead through a 24 inch cast iron main by gravitation. Owing 
to the extension of these towns up the banks of the Tyne, considerable 
portions of them are above the level to whieh the water will flow direet 
firom Welton. To iiq^ theee districte an engiiM and reservoir were 
eoDetameted eosne years ago at Qeteeheed; whisb afterwards pronag 
iDSiilBdeRt UuroQgb the iMieaaed doBDiiid tot water, the engine here 
desoribed wae ereoted, and eati now at all ^nm supply the highest 
districts by gravilatidi! aluiu' willi an iioliiniied quantity of water. 

Down the banl^ opposite iienwell, at about the level of high water 
in the Tyne, runs the 24 inch Welton main, from which a 10 inch 
branch has been led up the hill side a distance of 2240 feet to the 
filter beds ahreadj mentioned, which ave plaeed at a level of 246 feet 
above Mgh water Ine in the TJfne. The water passing from the heds 
to the pare water hasiB is eondnefied to the engine suction pipe, and Is 
driven through anoHier 10 ittch nudn 8850 feet long into a second 
recently formed reservoir at the top of the bank at High Beuwell, 
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419 feet ftbore liigli wftter in the Tyne, from wliidi tbe town is 

supplied through a 10 inch main. Whon ii is nut required to pass 
the water through the filti'Hiiq- beds or pure water basin, tlie 10 inch 
hranch from the Weitou mam delirers the water direct into a well 
20 feet deep, whence it if« pumped hy the engine as beiore to the second 
reflerf oir iqp the hilL Ihe hioglit from the bottom of tiie well to the 
end of the deliveiy pipe in Higli Benwell naemAt ie 182 ht^ whieb 
is the height the engine has been lifting dniiog the eoq^erimenti ; for 
the depth of water in the well bee generaUjr been ehont eqiuil to the 
depth of wster in the high reeer^oir. 

The puiiipiiig engine, whicli i\as erected twelve months ago, is a 
horLKOTital high -pressure expansive and non-condenbiiig engine, working 
direct a double-acting pump, and coupled to a crank and flywheel, 
figs. 1 and 2, Platen 13 and 14, are a longitudinal section end 
eeetional plen of the engine end pomp: Fige. 8 end 4, Flaite 14, eve 
traneveree eeotioM throngh the pmep end through Aft rteeta ogrhnder. 

The etean tjVaukat A is 96 iadki fSainetw and 4 ftet strake ; 
and the pump B, which is worked itom 'tibe same piston rod, w 
1 1 A inclle^5 diameter. A crossLtad is keyed upuu the pij?tou rod and 
guido(i by a cylindrical slide C on each side, working on ruund - ui le 
rods DD oarhed by brackets from the bed plate ; and the ooimectmg 
rod E is coupled to the crosshead close to the piston rod F, which is 
Ungthened snfficientlj to allow the erank to dear the end of the 
pomp B. The croashead is Biade solid in one pieoa with iiie 
cylindrieal gvide en the aide to whieh the e onii ec tin g rod ia attaghed, 
end ^ other ride is made with n soelDet and fc^yed. Ilach guide C 
is jirovided with two set screws to allow of tightening up the brasses 
as tlH'v wear. The fiywliecl G is 10 feet diameter and 5| tons weight. 
The pump B doubie-acting, and has a solid piston. Uttcd with 
ei^fped leathers facing both ways, with a brass piece between them to 
pieserre the leetbera from being cat. The pamj^ Talves H, ahowm 
enlarged in Figs. 6 and 6, Plato 14, am rantwgnlar hnttaflj Ttlves 
of indin-mhber 1} ineh tUek, beetng im ) inshbars, with 1 tnsh 
spaces ; the total area of opening in eaeh valTS aeat is IIS aqnars 
inches. The suction valres open from a chamber I in the bed plate to 
fdiich the suction pipe K leads irom the well ; and a back flap valve 
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firMtA^rabber is fimd »t Ihe'exkemity of the pipe K ait tiie bottm 
flf i»cll, SK> fc«t Mow pnmp sueMon valves. The delivery 
viilvt's are exactly similar to the suction valves aud iimiitdiaitly over 
tliein, and tliey are cunnectod by r horizontal i>ipe L j)arallel to the 
pump By firam which the delivery jiipe M loads ofl' proceeding direct to 

mia. A branch is carried off obliquely from the main to tbe sir 
"wcli srluoii 18 ai tw ited ovteide tks boiidiag »nd is 8 Ibet diiDMter 
jad IS In* Iqglu Tipo mU wr TeMds are •]«» fi»d on Om top 
jof Ae pup B, flmnedufaly over 4ifa» two deiveiy vahm. 

TIm stoaiB oylbidfir is Med wHh % sepante «zp«iiskm sifie 
working on the back of the ordinary slide valve P. Tliis lu i n L ament 
is shown eiikrgcil in Figs. 7 and 8, Plate 15. Both slides are vviJiktd 
by hxed eccentrics, bat the expansion is made variable by means of a 
slotted tink B, vibrating on a centre fixed to the bed ]>late, and 
penMiiieii% eomMoted to Uie rod ite «q[iRinoii slide windi is 
stoftheii to llie oentre of ike Uek, Ae eeeentric rod bsiqg eoanected 
io a sfidnif Uock irorksd «tp Mid doiwn ike ski bjinesM of siorair, 
nkieli een 4ie xeedily adjusted wbHst ilw engme is eit wock. Ttiere is 
«n index on the side of Hnk to show the degree of cnt-off. The 
jexhauet steam is discharged into a cistern 8 ca^>t in the foundation 
plate, into which the cold feed water is iujt^ted through a perforated 
pipe T ; by this means the feed water is bested end is th«i pumped 
£r«ni the cistern into the boiler. A glass gaoge on tke dde of tke 
dstem indicates ibe letel of tiie water, as it is desnrnfale ibsit tlure 
shoold not be more thsn 8 inohes depth in the dstem* 

As the eooentrics are fixtures on the flywheel shaft and the rods 
permanently connected to the slide valves for the sake of simplicity 
and duralnlity of construction, a special arrangement is provided for 
starting the engine by means of a two-way cock U, Fig. 7, attached at 
the bottom of the steam chest and connected by small branch pipes to 
both steam ports, by which the stesB can he turned into either port 
beyond the valre and the engine readitf started, lliere are time 
Oonish boOsrs witii singto fines, hsiring the fire in the fine; the 
boilen an i8 M kmg sad 4 fset 9 mcfaes dismeter, and the floes 
% feet diameter ; bnt only two fKnlers at a time are need fior woilciBg 
the engine. The tiiedoors are arranged to adimi any quantity of air, 
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ftr!<i rofTiiliUr 1 m nwch a manner as to be under the control of the 
cugiuccr ; i}ic result is pertect combustion and Ike entire ftbseaod of 
tmoke with the Benwell pit coal. 

Jh» atoam ia maintaiiMKi ai 60 lbs. per square iaoh above tiia 
almoiphwa^ and flM ciigtBa la iuaa% noikad mik iba ataam out off al 

of the ateoke. A apaeinian of tba imiktiat Sa^pam la Aawn m 
Fig. 9, Fkta 15. TbemamaUdaPbatrliigahMjBezaoliydiaaHM 
motioii, whatever be tiia dagne of czpansion, the opening of the 
exhaust and the amount of compression are constant. The M^nal 
speed of the engine ia 24 reTolutioii;^ }>er minute, or 192 feet per 
minute speed of piston ; but it has been worked up to 40 revolations, 
or d20 feet per minute of the piatoii» The pressnra of waler npon the 
pompa aaindiflaladbjapvaaaiiMgaqgaia ao U)a.par aqaaielnohfrbaB 
afandiiig, and aaaa to a maaa of about 95 Iba. par a^nan inob ivbllat 
woiking, eqniYalaiit to 18*6 Iba. par aquaia Inch afliNtive presaoia or 
tbe ataam piatoit or 57 boraa power efleotire. Tnking the ooala 
couBumed for 3 lauuths, tlie consumption k 30 c\rts. per day of 
12 hours, ineluJiag lighting fires he, or 5 ll>s. of coals per effectire 
horse power per hour^ and 4 lbs. per indicated horse power per 
boor. Tt will thus be seen that the oonsnmption of ooala is not much 
moie thaa if tbia angme had bean a oondensing one, lAOat tbe firat 
aoat of tbe engine and bnUding ia mndbi leaa, and tbe amootb and 
ataa^T motion of Aa maduna la nmob In Ua fnroor nban oompaied 
with ^ beam anglnea. 



Ibe CHAiniux regretted iliat Mr. Honiaon waa TinaToidaU7 
prevented from being preaent aa expected. Ha obaerred tbat an 

independent starting apparatus was now in general nse for large 

engines woiking expansively, having become rcquigit4> as a convenient 
mode of readily Blurting the engine. lie enquired whether the storting 
oock deacribed in Uic paper was used idso as a blow-off cock. 
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The Seotirtary replied that it was only a two-way cock fbrstartnig 
the cnc^inc. nn ! was fonnd a simple and convenient plan for starting 
the engine with the expansion pear set to any required point of cufc-ofif ; 
boi sliding block oouM be readily adjusted while the engine waa 
iroikmgi M the speed was not too great to prevent this. He had seen 
the at irask, and had seen the mdicailor diagmn «ak«n ; tha 

aagbie wcnfcad yeiy rte adi ly and amoolhly. 

The Ohaibmaw remarked that the india-mbber ptonp vahea shown 
hi ^ drawings appeared to be txed in the oentre by the guard, so aa 
always to beat on the grid in the same place ; and he feared they 
would consequently be found Ui cut uftrr working for some time, 
Although india-rubber valves wore well when sullicient play was allowed 
for than to beat in a difFeient place each time. The india-mbber 
▼ftbrea need in marine engine air pnmpa irate made oiroolar and left 
free to torn on the oentre spindle, to allow of shifting their position 
on the grids ; and he thought it would be desirable to allow some plaj 
in the jectangular valves by fixing the india-rubber flap with slot holes, 
in order t'l (liiniiiish the wear by allowing it to shilt a little on its seat. 
He enquired how long these india-rubber valves had been found to stand 
iHien used for water works purposes. 

Mr. H. ICaam said he had lued Mr. Hosking'a indiarmbher 
ban vahea for water woika pvmping engines under a heavy prsaatuef 
and fooad they answered weO, as the balk drrq^ped in a different poaitioit 
into tiie seating eieadi time of dosing, so that the wear waadiatiibiitetf 
equally over the entire surface ; some of the ball valves had now bees 
at work for three or four years at the Hull Water Works, proving 
highly satisfactory in durability and working. He had also used 
Mr. Hoaking's rixig valves, having flat rings of india-rubber beating on 
cironlar gratings ; in these the rings ime left loose and free to turuy 
bat appeared to beat ahn^ on the same part; they stood well, bat he 
had not yet had tag eiqperienee of their woridng. Hehadnottried 
leotaognlar bulterQy vahea of tndie-niblwr, like those shown in the 
dnnrittg ; but feared that mlh a heavy pressure of water tin indi*- 
rubber would be liable to wear out, and might be forced down into the 
opeiiiugb of the grid so much as to lose its elasticity, unless it could 
be made proportionately thick for a heavy pressure. Ho thought a 
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circular valve would l>e much Ijetter than the rectangular form, no as 
to aliovv the valve \/y turn and boat in ditTcrent partis. 

Mr, J, Fbrkis observed that it would be very adrauti^gttous for a 
gmeral comparison to be niMle between the heavy beam enginM 
pnfiostly anpli^ttd &r pmnpuig tmi Ihm lighter dMoriptloB of dnewt- 
flflliiig €BgiiMB ihtA ifBce mm oomung into ganncal iiM| bodi as te oort 
of ootiBtrootaon per bone power and ooMnmption of Ibel in working : 
the subject had 1)een before theliietitiHioii eevend timee, and deecrip- 
iions liad been given (^f large beam pumping engines, which were 
necpf^^ai ily cnm!)ersome and expensive in constrnction ; while th^^ 
present paper and others described a lighter and cheaper class of 
tngsatm li was desirable to ascertiun wha4 had been aoteallj dene 
iviih eedh oontiniotioD of OBginOy ae tbeie wie mow a eloee oo m p etition 
ht/ttnm the hewy and tight deeaiptiima of enginei $ aftd he hoped 
the oosnpariwm between them would be takan jq^ by eoaio of the 
memben, aa the enibfeot of a ftiture paper. 

Mr. A. B. CocHRAKE thought it was an excellent suggesti<^, and 
was sure one of themcniberH might l>e 1 •nnd to take up the subject in 
the manner suggested, well (|ualitied by ex[>erience in connexion with 
direct-acting engines for pumping, and who had taken mach intaieat 
ia the introdoatioa of amaUer enginea in pbee of laige «id heavy 
bean unginiffai 

Mr« W. BmiB-obaerred ih$X the eagbe deeoribed in the pifier 
pnefloted « naeful eizaaiple ot a eunple ooneimotieii of pumping engine, 
though there did not appear to him any novel features in it; he 

thought a different ai i aimi iiient of the expansion gear would have 
been preferable, and that the hand scn w in the vibrating link ■would 
be inoonvenient for altering the degree of expansion unless the engine 
was woridng slowly. He would have been gkd ahK> to hear some 
fitriher partiwiWa of the woihing of the engine, aa to eeonomy. of 
xanite oonpaied wHh ordinaiy been ei^pnea naed at wnter worka ; 
andeonaideffed it would be yetj advantageona for aooh ooo^anaona to 
be carried ool aa eom^elely aa poaeible. 

Mr. J. Fbrnie observed that the object desired in papers brought 
before the TnRtitution was not novelty alone, but it was of perliaps 
greater importance to obtain authentic records of works successfully 
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«zeeated» and indicator diagrams firom engines, with caneot psrticalars 
of eowramptioii of foel and wotk pttfomed; lie thonglit it was veiy 
tmi»oriaiit to enoonrage such ooamranicationsy and the paiticalars 
of failaree aUo proved sometimes of as great practical Talue as 

successful results. 

The Chaikman considereil it was clesiraLle to have as full details 
as possible of the comparative working and economy of all engine 
that were brooght before the Institution; sad expressed swirii for 
soma farther partionlan of the eomp«rati?e worldng of the engine 
described in the paper : he hoped some member would cany out fblljr 
Ihe comparison suggested between direct-aoting and beam ponping 
engines, in respect of weight, cost, economy of working, and other 
particulars, as it would prove of great value and interest. He 
proposed a vote of thaiiks to Mr, Morrison for his paper, which was 
passed. 



The following Paper was then read 
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OK THE CONSTRUCTION OF HOT BLAST OVENS 
FOR IRON FURNACES. 



Bt Mb. HBNR7 MABTBN, or WoLymAXPTOir. 



The first idea of Heating the Blast, prior to its entrance through 
the tayerss into the fomace, is doe, as is now universally admitted, 
to Mr. Neilson of Glasgow ; who also has the merit of ita first 
practical application early in the year 1839. Prerions to that period 

the settled and firm conviction of iromnast^rs appears to bare been 

that the colder the bla.-^l the better the qnnlity riii l the larorer tho 

quantity of iron produced from each furnace iu a giveu time. Thia 

conviction was the result of long continued observations, which «j 

showed that the produce per furnace was always more in winter than 

in summer; and as the difierence most appreciable to the furnace 

managers between the one state of circumstances and the other was 

the temperature of the atmosphere, this without further investigation 

was at once charged as the sole cause. Subsequent research however 

h:is sli'iwn that the mere vni iatioTi of (( inj>eratnro in the atuiosphere 

from freezing point to summer heat had nothing to do with this result, 

which is owing to a canse still as actively in operation and as sensibly 

felt with the blast heated to a temperature of 600^ or 800° Fahr. : — 

namely the excess of moisture, in the shape of invisible vapour, 

contained in the air in tiie warm weather as compared with the cold. 

Bo strongly rooted however was the belief that the temperature was 

the only circumstance affectinar the make of iron, that the crreatest 

efforts were made iu summer to obtain the blast as cool as possible; 

amongst other plana, by passing it over cold water, with a result J 

of course contrary to expectation, owing to a partial absorption of the 

water. On this point some most interesting evidence was adduced at 

the instance of IXr. Neilson in the great hot blast trial at Edinburgh 

in 181S': when all the leading and most experienced ironmasters of 
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the Staffordshire dietrict^Mr. W. H. Bparrow of Stowheeih, the late 
Mr. James Foster of Stoorbridgey the late Mr. Barker of the GhilliDgtoa 
Works, and the late Mr. Ward of Priestfield — stated it as a fact that 

previous to the introdncLiou of hot blast tlio universal opinion of 
furnace managers was that the colder the blast the greater the produce 
of tlio ftiniace. 

This being the state of practice and this the state of the science 
and opinion of men of skill in the iron trade, it occurred to Mr. Neilson, 
who was fortunately out of the trade and conaequentlj unencumbered 
with either its practice or its prejudices, that Uie power of the blast in 

igniting the materials would be greatly increased, if in its passage to 
the tuyeres it were heated to a very considerable iciiiptrature. This 
idea was the result of careful and laborious thought on facts which 
came under his observniion at the gas works at Glasgow, with which 
he was connected. Uariug convinced himself bj experiment on a 
small scale of the correctness of the idea, he at once set about 
embodying it in a practical shape, the first application of the plan 
being at the Clyde Iron Works, Glasgow, early in 1829. By the Idnd- 
ness of Mr. Neilson the writer is able to present the Institution \\iu\ a . 
correct drawing of the apparatus then umdc use of, whicli is 
shown in Figs. 1 and 2, Plate 16. It consisted of a small wrought iron 
heating chamber A, about 4 feet long 3 feet high and 2 feet wide, in 
construction similar to a wagon-head steam boiler, which was set m 
briokwork with a grate B below, similar in all respects to the ordinaxj 
steam boiler. The cold blast entered at the end immedtatelj over the 
grat<\ and passed out to the tuyere from the other 1, being Avarmed 
in itii passage along the chamber to u temperature of alt mt 2^)0 - Fahr. 
There was one oftheseheatiniTrhamberatoeach tuyere; the tulul area 
of firegrate per tuyere was about 4 square feet, and the area of heating 
surface of the chamber dd square feet. This apparatus, although veiy 
imperfect and capable of raisiug the temperature of the blast to a very 
moderate degree only, was yet a very successful beginning ; and tiie 
result produced in the blast furnace soon proved that the idea was one 
destined to work a vast cliange. 

Although tliis lirst application of hot blast may now apiiour crude, 
it is doubtful whether, if divested of all subsequently acquired 
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better or tnofe imetioil mode of ieeting the iiiTeiitioB 

would have occurred to any one of us : so dillicuU is ii to invent, so 
easy to see defects afterwaiJs. The latter faciHty soon became 
apparent to Mr. Neilson ; for the boiler ])hite duunber sliortlj 
Buccumbed to the heei and oridatioQ, and oaUed for renewal. This 
being rather an eipensive proeeM, be began to look out for eometbing 
more durable ; and here fortonatelj bis experiffisoe in gas msldng 
oametobisaid: Ibr finding that the cast iron gas retorts both endored 
a higher temperature and lasted longer under more trying circumstances 
than the boiler })lato chamber, he at once resolved to substitute a 
cast iron retort-shaped heating vessel. This is shown in Fig. 8, 
Plate 16, and was fonnd to be a great improreiDent on the on'n^nal 
phm, lastmg longer and raising the tempemtoie of the blast to abont 
280* Fahr. : it was oonstnteted at the Cljde Wotks about the Utter 
part of 1829. It consisted of a «grltndxical cast iron tobe A, bottle- 
shi^ied at each end for the admission and diecbai^ of ^e blast, about 
2 feet 9 inches diameter and 6 feet long. As in the former case, there 
was one of tliese heating vessels to each tuyere ; but the heating 
surface was increased to 55 square feet per tuyeroi or one and a half 
times the surface e^qposed in the first applicatton ; end the grate aren 
wasincreased to 11 square feet, or neaiij three times. Intheprerioun 
case it will bo obserred diat flie top of the wionght inm chamber was 
exposed to the atmosphere, thus leading to a great waste of beat. 
But in this second case a great improvement was made in the mode of 
KCtting, the hcatiug vessel being wholly enelo^<;J within the brick 
casing over the fire, thus preventing any waste of heat, and producing, 
with the increased heating nn<^ grate sur&oe, the increase of 
temperatore from 200<* to 880° Fahr. 

Having thus diiooYersd the great adyantage of this mode of 
setting the heating chamber entirelj within the flue, but being stQl 
dissatisfied with the result at present obtained, and bent on further 
improvement, Mr. Neilson designed the greatly improved appai'atus 
shown in Figs. 4 and 5, Plate 16, which was erected at the Clyde 
Works in 183i). In this plan there is a great extension of the 
prrrious idea. Inatead of one grate per tuyere of 1 1 sqoare Heet area, 
there are hero five gratei BB for two toyeres, giving an area of 
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88 aqnaie feet of grate stitfiwe per tuyere. Hie soUteiy talmkr 1ie»ti n g 

chamber over the grate is here lengthened <mi into s continnoos 
pipe A, 18 inches diameter, enclosed in long lengths of Hue, extending 
to a total length ot about 100 feet, giviiis^ 2 10 square feet area of 
lieating foriiMe per tajere. Much ingenuity is diaplajed in the 
amiig«ni«iit and setting of both the grates, ^pes, iod flues of this 
ifiparatiis; and it was attended with great soooess in raising tiis 
tsmpentors of the blast to moie than 600^ Fahr., so as to melt lead. 
This may be sailed the first ezsmple of really hot blast being obtained. 

Defects however soon began to manifest themselves. With the 
lengthening ot the heating tubes and the greater general complication 
of the apparatus a difficulty Lad now crept iu unawares, destined to 
be highly misohieroos and to test the ingenuity of a whole gsnsntion 
of fkunsce managen: it arose fimn irregular and nnoompensated 
expansion and eontraetioiiy indnsing that serions dsfest of hot blast 
orens, leaky joints. Witli liie p re s e nt experienee in these matters it 
will be seen at once how very open an a{»paratus of the above 
construction would he to such a defect ; the great length of pipe 
expanding and contracting to a perceptible extent at every change of 
temperature, and eonseqnently stivining every brandiy bend, and joint 
of the wbole range. Ibe leakage st the joints was to some extent 
OTSioome by oorering them with a ring of esst iron ; foHoved as a 
fesuh by the breskbg of the pipes, • defect of greater magnitode. 
T)ie rery great improvement wluflb took place in botii the produce and 
the yield of tbe luniace, consecjiient on the increased temperature of 
the l)last, made it necessary to set seriously to work to tjverc«>me the 
new diiUculiy, and to construct an apparatus capable of maintaining 
the heat of the blast oniformly at this ineieased high tempsntovs 
without leskage or breakage of the pipes. 

It was seen that the defects of this plan consisted pnneip«Ilj:~ 
Ist, in exposing > PT^at a eontinuoiis length of pipe to the aetion of 
the heat ; thus auL-mcutiug iho actual amount of expansion in eadi 
straight length oi' pipe, tlie efTect of which would be concentrated upon 
tlie weakest point in that length ; and at the same time subjecting 
the whole apparatus to ail the ill effects of sny irregular expansion or 
contraction of the heating main at any one point: 2nd, in each an 
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anaogeniflnt of tlio grates as wm neoeaBwily acconquuiied with an 
imgoUur action on the heating nudn at each time of snooessiTe firing 
and deaning ont : 8rd, in the evident nulnlity of the ordinary flange 

joiuts to remain tiiilit. under tliese circumstances; since the exccs.-iYe 
and repeated strains that tliev were subjected to, under the variations 
of temperature to whick they were exposed, gradually ground the 
cement to powder and caused it to drop out from the jointe. These 
£ofmed vety serious practical difficulties ; and the problem presenting 
itself for solution, namelj tiie oonstmction of an apparatus capable of 
raising the blast to a temperature of 600^ Fahr., and at the same time 
free from the above defects, must have been one involving most anxious 
consideration. An idea however at length occurred to Mr. Neilson, 
which approved itself to his mind, and has been the parent of ail 
subsequent arrangements ; namely the cast iron tubular oven. 

Ihe first practical realisation of the oast iron tubular OTsn is 
shown in Figs. 6 and 7, Plate 17, representing an oyen erected at the 

Clyde Iron Works in 1882. In this case the irregular firegrates, five 
to two tuyere.s, were done aua^\, with ; and an oven ^viili "iie grate only 
was constructed behind each of the tuyeres, now tliree in number, a 
tuyere A being at this time inserted at the back of the furnace, in 
addition to the two, one on each side, which were used before the 
introduction of hot blast. In the oven now constructed, the blast, 
instead of being carried as formerly along one continuous heating 
tube directly over the grate, was admitted into a main pipe 0 running 
longitudinally at •»ne side ot tiie giuLe U : on llie top of this main 
pipe a number of deep circular sockets were cast with apertures into 
the pipe; and on the opposite side of the grate a siiuilar main pipe D 
was fixed with oorrespondtng sockets and apertures, which was 
connected with the tuyere pipe inserted into the furnace. The two 
longitodinal main pipes C and 1) on each side of the grate were then 
connected by csst iron tubes sach forming a semicircular arch of 
6 feet span, fastened into the sockets with well raiunied iron cement. 
The cold bla^t wa® i-upplied to each of the ovens hv a luanch pipe taken 
direct off the large main from the blast engine, and entered the oven at 
the end furthest from the grate j it then passed through the arched 
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tabes E over the fire into the pipe D oa the otli'^r side of the grate, 
snd thence to the tajere, leaving the oven at the end next the grate. 
WbllBt the blast "waa tra^ereing the two longitadinal pipes and the 
aiched connecting tabes it veoexYcd the direct heat from ih» grate, and 
was raised bj this means to a temperature of 600* Fahr. The whole 
of the apparatus was enclosed in an arched oven, so as to retain and 
reverberate as much heat as possible. The general dimensions of the 
apparatus for each tuyere were as follows : — 



Diameter of longitadinal mains at each side of grata 


12 ins. 




10 ft 


Distance between ditto, oontre to centra , w 




Number of arched connecting tabes . • , 


9 


Intemn] iliaiuctor ot' ditto 


4 ins. 


External diameter ot ditto . . , . , 


7 ins. 


Hei^'ht from ^'rato to nndcrsidc of arched tuboa . 


4 ft. I ins. 


Area of heatint: surface per tuyere • • . 


150 >q. ft. 


Area of liregrule per triTpre 


1 S gq. ft. 



* On comparing this with the previous plan shown in Figs. 4 and 5^ 

Plate 16, it will be obser^-ed that this apparatns, owing to itsimprorsd 
eonstmotion, nmintained as efficient a tempmtm wil^ less than two 
thirds of the heating snxfiKse per tnjere and litde mors than half tha 
grate area. This oven was fonnd to be^ great improvement over the 
one previously described ; raising the temperature with less expenditure 
of fuel, le'^s loakaee, and great€r reernlarity. It is evident that in this 
case the defects inseparable from tlie former plan were to a great extent 
remedied : for the new apparatus was constructed without any great 
oontinnons length of pipe exposed to the direct action of the heat ; the 
inr^lar action of the firing was materially diminidied, each ofmi 
having its own independent grate ; and all flange joints wera entMlf 
exelnded i^ram within the oven. 

The improved oven probably seemed perfect when first erected and 
set to work ; but after a sliort experience of it.'? worlvinp objections 

« were urged against it by the furnace managers on the grounds tiiat, 

although the oven answered beantifiiUj in respect of the temperatni* 
of blast produced, jet the socket joints would itili sometimeB lesir, no 
msttsr how hard the cement was rammed in; that the areh tubes wonid 
owk orsr the grate ; and that, onless the stoker waa veij earelb] In 
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firing the oren, there was danger of burning the whole apparatus down 
when the fire was nt all hastened, a case which happened once or 
twice. It was also objected that, owing to the proximity of the oven 
to the tqyere honse, it wis »t »U timee more difficult to attend to the 
tajeies ; and that in the summer time the ivorkmen so engagedi being 
benmied in on one side lij the hot ashes from the fiimioe on dmuig 
the tuyere, and on the other the oven, foond themselreB literaUj 
roasted. At the pre s ent daj these difficulties might hare been 
anticipated with such a construction of oven ; but at the time must 
have been a source of great annuyunce. Keej»ing in view however the 
points already gained in the arrangement of the oven, Mr. Neilson 
set to work to overcome the new difficulties thus brought to light, and 
prodnoed an entirdy new modification of the oven. 

Up to this period the referenoe to the history of tiie hot biast oven 
has been confined enlarely to what had been done hy Mr. Neilson and 

his ii jf ndsin Scotland ; but at: it now approaches the point where the 
experience ol the StJifTordshire (iistrict and that of Scotland unite, it 
may be well here to glance at what had been aocomplished in this 
immediate neighbourhood up to the same time. 

in the Staffofdshire distri^ a strong pr^ndioe existed sgainst jng 
iron mannfsctnred with hot hkst ; and it was not nntil the hot blast 
had been in use some years in Sootland that it was taken up in Stafford- 
shire. In 18.31 Messrs. Lloyds Fosters and Co. of Wednesbury 
erected an apparatus at their works for heating the blast ; and 
singularly enougli at that early period proposed to apply the waste 
ga^es from the tunnel head for this purpose. This is beliered to 
be the first attempt at utilising the waste heat in that portion of 
the furnace ; and as such, is deserving of speeial notice. The 
•ppnatns constructed at these works conmsted of a drenlar wrought 
iron heating chamber placed within the brickwork of the tunnel head, 
the flame from the furnace rising up tlirongh the centre of the chamber; 
the blast was supplied iuto it from the cold main through several 
small apertures, which distributed the air against the plates of the 
dumber on the side exposed to the action of the flame, and the hot 
blast was conveyed in a pipe down to the tuyeres. This iqiparatua 
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WM reacy expMaif« la its Uni coiittnwtioa MidMfttittly required 
fepairs ; and it prodnoed a beat of 011I7 abovt 860® Fahr., bo that 

a small snpplemontary oven was roquired near the tuyere to raise 
the t^ iii]M rature oT the blast still further previous to its entrance into 
tke iuruace. It i^ almost omieceg&arj to add that this plan haa long 
iince been abaadoiied lor more perfect arrangements. 

About the Mme poriod Hr. Neikon' b plan of lioi blast was introdBoed 
Iff MeitiB. Enmtione at tha Laja Woiks near Dndlcj. The fint 
esperimental oten ereoted at theee vorka wai on the aame planaatiuit 
kat deacribed at ereoied by Mr. Neflaon, and shown In Figs. 6 and 7, 
Plate 17 ; "bv ^^llit•h apparatus" Mr. Firnistone states '* a supply of 
hot blast at 6OU wa» with difficulty uiaiutained, and never long without 
great damage to the semicircular arch pipaa ; and the pressure ol the 
blast was seriously reduced by its friction in paamng throngh the small 
anh pqwe ; but the effect in the redaction of the oiea need was 
aatoniihing.*' To feme4j these difficnhiesy both Mr. NeUaon at 
Gilder end elsewhere and Mr. Fmnstone at the Lays proceeded to 
eonstmet ovens on a plan similar to that riiown in Figs. 8 and 9, 
Plate 17, "vvhich show the first permanent i)ven erected in loJ3 at the 
Lava Works, and have been kindly furnished to the writer by Mr. G. 
Firmstonc. In order to overcome the difficulty that had occurred 
previously from the arch tubes E being burnt down, thej were elongated 
into the form of a sjfidion, in some inatancee carried to a height of 
lOleetstMyvetfaemaiii; end as an additional safegnaid the grate B wis 
pkoed in a sepsmte compartment, and the oven heated I7 the gases 
passing from the bnming feel tiupugh smaU apertnres, as shown in 
Fig. 9. At this stage also the previous plan of having a separate ovea 
to each tuyere was abandoned; and the general heating capacity was so 
much increased that one oven like that shown in Figs. 8 and 9 waa 
lonnd to be capable of heating the blast for three tuyeres to a tern* 
psratora of 600° Fahr. The dimeosions of the oven are as follows 



Length of longitudinal mains 7fk6ins. 

Kan&ber of syphon pipes ...... 9 

Area of direct heating snifsoe^ total S40 sq. ft 

Do. pertnyere . • 80 ?q. ft. 

Area of firegrate, totn] 0 .-q. ft. 

Do. per tujare S sq. ft. 

U 



Digitized by Google 



70 



BOT BLAST OVENS. 



Fractures of pipes however and leakage of joints still took place, but to 
a much more limited extent thnii fornierlT ; aiul these were found good 
oveus for the re(iuiroineiits of the fumacen of that period. 
• About this time there seems to have been great activi^ in desig-ning 
arena of different forms | for it was felt that the beet foim had not jet 
been derised, and there was much anxietj to obtain a wider experience 
of other forms. Amongst these may be noticed one form of continuous 
{npe ores, with horisontal pipes, shown in Figs. 10 and 11, Plate 18, 
and erected in 1886 at the Dowlais Works in South Wales : with a 
heating surface of 9 square feet the t^mperatnre of the blast was raised 
to about 800*^ Fahr. This oven is au iiiiprovemcnt on the ori^'inal 
continuous pipe oven shown in Figs. 4 and 5, Plate 16, as the expan- 
sion and eonttaction are better provided for ; but it is far inferior to 
the last example, shown in Figs. 8 snd 9, Plate 17. 

Another form of continnous pipe o(ren, with vertical pipes, is shown 
in Figs. 18 sad 18, Plate 18. Itconosts of a series of separate cast 
iron foot-boxes placed in the position of the longitudinal main on each 
side of the grate ; each box was providi d with two sockot?? cnni on the 
upper side, exr{<ptini^ tlie Imxes at each end of the oven which had oulj 
one sockt t, the other eii<l uf each temiual box oommnnicating with the 
inlet or outlet pipe. Cast iron syphon pipes were then erected in the 
oven, each pipe footing in acy<nning boxes ; snd the blast entering the 
oven at one end had to pass up sad down alternately through the whole 
series of syphon pipes before leaving Uie oven at tiie other end* 
Ovens on this oonstmetion were erected at Tstalyfera and in Korth 
Staffordshire, fliat at "^'stalyfera beiiiir heated Lj irases drawn fruin 
near the top of the fnniace. Tliis oven was an inipmvenient on the 
arrangement shown in Figs. 10 and 1 1 ; tlie joints remained good, 
and the heat was well maintained; but tlH> ' xcessive friction of 
the long paisage tiuough the tubes greatij reduced the pressure 
of the blast, sad this oljeotion has prevented its extended sdoption. 

Hie best and simplest form of oontuiraous pipe oven is the spiral 
one shown is Figs. 14 snd 15, Plate 18, erected at the Ebbw Vale 
Works, South Wales, and heated by tlic waste gases. This oven consists 
of a continuous f^jMral pip<', was seldom out of repair, and maiutained 
a good heat « but it iavolvcsi though in a lesser degree, the inherent 
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defect of aU Gontunioiis pipe otbda, namfHj great loss of pressare in the 
blast in conseqaenoe of the friction occaeioned bj the whole of the blast 
« lumng to travel at a rapid rate through one single pipe ; and on this 

Twcount it may be looked upon as retrograde in principle from the 
tulmliir arch oxen introduced by Mr. Neilson. 

Another arrangemf»nt of continuous pi[jc oven, witli horizontal 
pipes, on a somewhat dirt'erent principle, is shown in Fif^n. 16 and 17, 
Plate 18, erected in 18d6 at the Ooduor Park Works, Derbyshire. In 
this oven the oold blast entered through a small pipe A inserted within 
a latger one B direotlj exposed to the heat, and discharged itself at tiie 
fiur end of the smaller pipe into the large pipe, passing back along the 
annular space between the two pipes and becoming heated by contact 
with the outside pipe B: it was then collected again iiitt) a smuil. i 
pT}»o C inserted in th*' same manner into a ]arg(M- }iii»o I) below, and 
the same operation was repeated ; the hot blast finally passing otit at 
the end of the seoond large pipe D. This was not found to be a 
good fonn of o?en: for, though ingeniotis, it will be obserred that 
there are many iange jomts within the oven ; and the blast was snb- 
jsoted to a gieat amount of friction in its passage, almoet more than 
in any other form of oYen. AlthoujBrh one of these orens was erected 
behind eacli tnyere, the heat iiiiHiiUi.iied was much less than with the 
oven show n in Figs. 8 and Plate 17, where there was only one oven 
to three tuyeres. 

Another oven worthy of notice is shown in Figs. 18 and 19, 
Plate 18, erected at the Monkland Works near Airdrie. It consisted 
of two main vertical pipes EE of a horse-shoe pattern with nnmerons 
aookets cast on one fiM»e, erected c^posite to each other at a distance 
of abont 6 foot apart; small straight cast iron tubes F, 15 in nnmber, 
were then inserted into the sockets, and the horse-shoe mains ha\ inor 
been drawn to<rether to clof?*^ the, sockets on the pijH's, the joints wen; 
well rammed in with iron cement. This arrangement is interesting 
principally as giving the first example of the curved main ; but as 
erected it was a comparati've fidlnre. It was snbject also to the serioos 
objection that, in the erent of one pipe becoming burnt or damaged, 
either the sockets must be stopped up at each end, or the whole 
apparatus taken down to insert a single new pipe. 



Digitized by Google 



7t 



hi addilioB to tht tl>o?«, a graiA nunilMr otiier i rf iflwUin Bt of 

these principles were oonftructed at various works, inrolving diil«rf&i 
arrangements of the tubes and different modes of setting, too numerous ■* 
to admit of notice iii the present jmper. It may be well to add 
however that, with a view of obyiuting the repeated fracture of pipM 
ttd joiats, Mr. G. Furmttone made a further trial of wroogfai inm in 
the constraction of omi at tlio La^s Wodu, lumng the eonnegtiiig 
•rbh pipes made of ithiA material; hat although this ovn whilst in 
fiperstioii raised the tem]MratiiTe of the Uast to 800** Fahr. and ob 
this ground was declared by Mr. Neilson to be the most perfect 
apparatus he had then seen, the old defects of wrousrht iron in this 
position, arisiug from oxidation and want of durabilitj as previously 
pointed out, iooq became apparent, and the apparatus had to be 
abaDdoned. 

Wttii tho inenasiiig dimansiotts of the hlast ionaoes and grastar 
eoBsnmptioii of hlast, ovens of laiger oapadtj now beeame naoaosaiy. 

To meet these requirements the first step was to place two ovms, ett 
the j)rincij)le of that shown in Figs. 8 and 9, Plate 17, either "end 
on" or "side by side," one against the other; the blast being 
conducted by means of a " stop" from the hot end of the iirst oven 
into the cold ood of the seeond; and after traversing the Utter it 
antered the fiumaoe. This arrangement, called the donUe oven, was 
lomid to he a great improrement on the original single oven, materiaDj 
increasing the nnifoniillj of temperatnM of the hUst, yet not 
involying a fully proporiioBate Inerease hi the consumption of fuel. 
In some cases the same plan was I'ui iher extendedj as in Figs. 20 and 
21, Plate 19, which sh' w tlie ordinary StafTbrdshire long oven, lir^t 
erected about 1837^ this nugr be called a triple oven, having three 
•onpartments on the same principle as that in Figs. 8 and 9. Of tiis 
twn modes offsetting that sailed the '^sids by side" settbg wis 
psihsps the hotter, altbongh genaraUy the <'end on** mode of sstttng 
WIS adopted, as shown in Fig. 20, Flats 19. In the "side hy Mb** 
setting, all the flange joints wwe esrposed ontaide the ovens and wttn 
therefore at once accessible for inspection and repair ; and in addition 
all the tiring holes were bronght to one end of the oven. Thera 
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s ttttlft mon friotaon hoirtTer m ilufl etie^ fim Uait hiitmg 
to tnmrM nmiid » bend pipe in pMoiig from tbe flni to the Mooad 
orea ; whenes in the end on eettrng it peeaed dlieoi into the buib 

of the second compartment. 

Oue jc^reat drawback however to all these ovem was fonnd to be 
that, as a general rule, the liability to fracture increased in a mnch 
higher retio than the mere arithmetical proportion between the number 
el pipes in the single oTen and the nnmber in the double or triple 
emus. ThumigrliepBrt^aoecrantedforlijibemflKeeaedtampenitare 
■MoilaiBed towards the hot ends of these ovetts, nhich elwayi Sneressos 
the Ualnlitjr to frsetore; and pertly by the mnoh greater nnmber of 
strains t-o which the joints and pipes were subject from the gr ;itor 
length of miiiu and the corresponding irregularity of heating. It was 
farther remarked tliat numerous fractures took place, especially at the 
hot end of the ovens, during the period of the morning and evening 
eMtfaigSy when for the time the blast had been taken off tiie AuiiMes. 
Vor some time this &ot was a great an&ojanoe aaditsoanseamjsteij. 
Howerer, bj a earefol eonsideratioa of the operations going on in the 
even, hoth the eaose of the annoyanoe and a remedj far it were 
discovered. It will be seen that, up to the period of casting:, the blast 
was rapidly passing through the oven into the furnace, taking up from 
the inside of the pij^es throughout its progress the heat slowly 
percolating through from the outside. On shutting off the Uast any 
farther abstraction of heat from the inside of the pipes by the passage 
of the blast osased; and in ooBseqnsnoe, sltLoogh the daB!{ter of the 
mn might be closed down, whidh was not slwsjs atftendsd to, a large 
wnabeoihed aeoession of heat took plaoe in the oater portion of the pipes. 
The numerous fractures were therefore wHh reason attributed to the 
sudden and irregular expansion occasioned in the pipes at that time ; 
and the remedy, which being exceedingly simple was yet not discovered 
loar some years, consisted in removing the escape valve of the blast 
engine from the eold to the hot end d the oven ; by whioh alteratioii« 
whether the hlasi was on or shnt off from the fiinmoe, ategolar cuieni 
wee msintained throiigh tiie oven as long as the hlast engine was ei 
work. At the hot end of the oven a nssiiil addition was also made 
by fixing a valve which opened inwards when the blast was shnt off 
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from the oven or the blast engine WM staudiug, thus fonniiig a ready 
vent for the escape ci any snlphuroiui oar other gases, which oooasionaUj 
during those periods are sucked in, and hf their explosion freqnentlj 
jar hoth joints and pipes. 

The long oven shown in Figs. 90 «n^ 21, Plate 19, consisted of 
25 pipes, with 1200 square feet of hoatiiiL,' surface. uiiJ 120 t^quare feet 
of liregrulo, ami was capaMc of maintaining tlie blast for six tuyeres 
at a temperature of 000^ Faiir. in general however ovens of this 
desoriptkm conld not be kept tight for any lengthened period, but 
feqnired a thorongh repsir once or tvrioe a year. These frsqnent 
repairs necessitated one improvement, tiU then gensnUy overhx^Eed, 
hat of great practical Talus, espedaUy where serend orens were at work 
behind a range of ftimaees : namely the insertion of stop valves, one 
at the cold end and the other at the hot end of each oven, whereby that 
oveu could at any time be comjdetely isolated from the general range 
for repairs, without disconnecting any of the pipes. 1 hese valves were 
originally mere circular discs turned by a handle fixed on a oentrs 
spindle, similar to the old-fMhioned throttle valre of a steam engine : 
snbseqnently, at the hot end of the ovem espedany, slide valyes haw 
been snhetitated ; for with tiie great heat and pressure of aheayy blast 
the old disc valves nsed oooasionany to slick or be blown ont of shape 
and so become leakv ; the slide valves ausvrcr admirablv. These valves 
also giv(! a ri'ady and simple mode of teftingthe state of repair of each 
oven iiom time to time ; for by shutting oSl each oven alternate^ and 
watching its effect on the speed of the engine, the leakage per oven can 
be obserred with great exactnees. In large works, without snoh a 
means of detection, leakages to the extent of 500 or 1000 cubic feet 
of blast per minute would firequentlj take place for months without 
toy eertdn means of tracing them. 

In reference to this construction of oven, iu which the connecting 
tubes were in the form of long syphons, as shown in Figs. 8 and 21, 
it wi^ further found that, independent of the {ailnre of .the socket 
joints due to the grinding action produced the irregular expansion 
and contraction of the opposite longitudinal mains, a frequent fracture 
of the syphon pipes took place at the bend on ijie top side of the pipe; 
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Hob effect -wia nltiiiiately leoog^nised m srirang ^ i tj ipl y firom expsnrion, 
and may be readily explained by reference to tlie diagram Fig. 39, 
Plate 22, representins' an ordinary sy{)lion ])ipe wlien cold. If this 
pipe is heated up to a temperature of G00° or 800° with both legs free 
to follow their own inclination, it will as:?;nrae the shape shown by the 
onier dotted Unee. But if, insteMl of the two legs being allowed to 
more freely under ilie e^MUidiitg inflnenfle of the heat, they be 
unmoreably fixed down on eadi tide to heftty CMt iron ppeB firmly 
bedded in faridcwork, as in ihe oren nnder eoneideration and In all 
tabular ovens preyiously described, the pipe will assume the form shown 
by the inner dotted lines ; ami iu its effort to assume the position 
natorally due to the expansion, a great tensile strain is exerted on the 
top aide of the pipe at the bend, with a corresponding compression of 
tiie nndergide; and their combined influence reanltB nllunately in 
fracture of the cromi of the pipe from the top side. 

The writer has not been able to aaoertain to whom is dne the 
merit of first introdncing a practical remedy for this difficulty ; but he 
is able to show, tlirough the kindness of Messrs. Lloyds Fosters 
and Co., a drawing of one of the first ovens erected at their works 
about 1840, in which this ditiicuity was overcome. The oven is shown 
in Figs. 22 and 23, Plate 19 ; and as it presents many features of 
marked improvement over any of those pievionsly described, it may be 
referred to more in detail. In all the previously described tabular 
ovens, the two legs of ihe pipes and the longitudinal mains were made 
as Cut and immoveshle as conld be effected by cast iron and solid 
masonry. In the present example however one main O only was made 
fast, uhd even that was placed on cast iron saddles, i^y allow of a slight 
rotat4>ry motion on its own axis ; whilst nnder the saildles supporting' 
the opposite main D cast iron rollers were inserted, which permitted 
the main to move fi eely under the influence of the expansion of the 
syphon pipes. This plan, pennitting the legs of the syphon pipes to 
assnme their natnral position nnder expansion, was found to be a great 
improvement, and fractures now seldom or never occurred from the 
strains which had previously proved so pernicious in the former ovens. 

Up to this period tlie laily niLuus which the furnace managi r had 
had of ascertaining whether the heat was being pro^>erly kept uj> was 
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by applying a small piece of lead to the stream of blast issuing from 
one of the ping lioles attached to each tuyere : if the blast melted the 
lead the heat was considered up; if not it wag considered down. 
This test however, iATolTing a good deal of trouble, was frequently 
iMgleetod ; and in coBBeqnoMM th« first intinifttioii of the heat being 
down WM leoi idben too Ute, by tii effeeto on the irotkang of tlio 
fanim» ahown by n change of oinder or tho ftamace^elipinng. In the 
pvetent enee however advantage wm taken of the lateral osoiUaiions of 
the loose main, which amounted at times to more than 2 inches, under 
the inlluciice of variations of temperature, to construct a good practical 
pyrometer. This is shown at oue side of the section of the improved 
Sta£fordahire oven in Fig. 22, Plate 19, and consisted of a simple bar 
fMtmed atone end to the looeemain D, peasingthroogh the briokwaU, 
Mid attaefaed at ilie oliier end to a Wrer working a small index B. 
Hub answered the purpose veiy weU ; for the position of the index 
when the heat was snffident to melt lead haring been onoe aeoertainedf 
its position afterwards told at a trlancothe state of the oven. In some 
cases the movements of the loi».^f main were communicated by & series 
of levers to the dampers ; so that on the temperature rising beyond a 
oertsSn point the expansion shut the dampen and prevented any further 
jncreaoe of heat^ nntil the main had so ftr reosded with the redaction 
of temperature as to open Hie dampers again. 

Jsk the OTcns previonsly described &e section of the isyphon pipca 
was invariably circular, as shown In Figs. 88 and 84, I^te 22; tiie 
section Fig. 33, from the original Clyde oven shown in Fig. 6, Plate 17, 
was 4 inches internal diameter and lA inch thick ; Fig. 34 is a section 
of the pipe in the Stafl'ordshire long oven shown in Fig. 21, Plate 19, 
tnd was 5 inches inside diameter and 2 inches thick. In the improved 
gtaffordshiin omn however, shown in Fig. SS, Plate 19, the pipes 
were made of an oval section, 5 inches by 10 inchea inside and 1) inch 
thick, as shown in Fig. 35, Plate 2S, whereby a very oonsidefaUo 
increase of heating surface was obtained in proportion to the width of 
the pipes, without enlarcring the casing of the oven or lengthening the 
mains. Some years previuiisly to tho more perfect development of 
this section as shown in the Staffordshire ovcq represented in Fig. 22, 
Hate 19, a someiriiat snnilar seotion had been adopted by Mr. O. 
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Fimistoiw in the tet ezpeiimeQUl oven erected ftt the Lays Works 
M pranooslj desoribed) end wm found to l»e an improvemeDt ; but the 

pipes being in the form, of a semicircular arch with a radius of only 
2 feet 6 inches, the underside of tlicm was so near tlie grate lliat they 
were soon burnt down, and the elongated syphon pattern was foumi 
preferable. Mr. Firmstone has the merit howerer, as far as the 
miter is able to ascertain, of first adopting the otsI section ; which 
WW thus snbseqnentlj lenyed in the o?en shown in Fig. and 
• marked a» decided an impnTement over the other sectioDS then used as 
his original OTal section did orer ihe small ronnd-seotion arch pipes. 
The increased height tr* which the crown part was raised above the 
grate in Fig. 22, anitaiating to 11 feet 6 inches, enabled the pipes now 
to resist the fire, which in the first trial with the low semicircular arch 
had destroyed them and had thus probably led to the long discontinuance 
of the oval section. As a further precaution against the pipes being 
hnmti the legs of the syphon pipes in the oven shown in Fig. S2 were 
strengthened and protected at the point where the fire first canght 
them by a thicker strip of metal east on at that part, as shown at AA. 

The general dimensions of the improved 8taifoi*dslure oven shown 
in Figs. 22 and '23, Plate 19, are as follows: — 

Length inside casing . , . . . . IC fl. 

Breadth ditto . . . . . 7 ft. ins. 

Number of syphon pipes 16 

Area of heating surface, total .... 700 sq. ft. 
Do. per tuyere (lour tuyei-eii) . . . . 175 sq.ft. 

Anacf fingiate, to4al 85aq. ft. 

Do. pertojere Saq. ft 

An oTen cf these dimensions is sufficient to heat the blast for fonr 
tuyeres to a temperature of 600° or 700' Fahr. 

Notwithstanding however the great iniprovements aUove descril^'d, 
which much diminished the number of fractures, these still took 
place; and, singularly enough, not now on ihe top side of the 
erown as before, but on the imderside. lliis was accounted for by 
the iaet that the stndn in pushing out the loose main was oomparatiyely 
eaqr to be borne, being distribnted over the long lend of the top side 
of Ihe crown : bnt the underside of the bend was of the weainst 
form for pulling back the heavy loose main on a reduction of 
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temperfttare, espeoully when the lonen liid baeome clogged inih mi 
•eenintiUtion of indnrftted dust and clinker, ae was freqnentlj thie 

cast'. A I'urtlKT r»'iisoti also of tliis tlcfoct, niul |H'rha{)s; the more 
important one, was the dministanco lliat the iron at iho underside 
of the bend, now subjected to tension, was cjvpo^ed to the direct 
aotion of the heat, Mud therefore sooner lost its DAtore then the upper 
aide of the pipe. 

These oonnderetioiis led to a farther slteratioii in the form of the 
syphon pipe, M shown in Fig. 24, Piste 19 ; and si the ssme timei. 
the loose maiii was abandoned, notwithstsnding its adTsntsges as 

a pyrometer, and lixod mains were reverted to. Tlio alteration in 
the syplion {tipcs cousistt^U in having' tlio two 1t>gs made vertical and 
parallel for gome distaneo alxwe the grate, instead of inclining towards 
each other ; and connecting them at the top by a large semicircnlar 
arch. A flat oral section of pipe was employed, as shown in the 
section Fig. 86, Plaie 22, though in some oases made a little wider 
at the haok of the pipe than at the front next the ISiese pipes 
luKve been foimd to answer admirably : Aey are not apt to get bunt 
near the socket, as in the case of tlie overhanjfino: syphon pipes 
previously described ; nor are they apt to crack in any jtart of the 
semicirculai" areli, as the Btrain vn expansion is distributed orer such 
a length of circumference as to enable the metal to stand. The action 
of expansion will be readily seen from the diagram Fig. 40,^ Plate 22 ; 
and the ease with which this form of pipe is enabled to bear the 
strain, as compared with the previoos syphon pattern in Fig. B9, is 
at onoe apparent. 

A modification of this form of hot blast pipe was once tried, having 
the cro>vn of the arch bent downwards in the middle, in the form of an 
inflected cnrve instead of a plain semicircular arch ; but this proved an 
ntter failure, the underhanging centre piece being qnicklj burnt down. 
It is mentioned here as a warning, in accordance with an obaerratioii 
which onoe fell from the &st President of the totitation, the late 
Ifr. Qeoige Btephenaon : that nothing was of greater peaotieal Tahie 
than a reoord of fifflnres. 

Another form of <wen constructed by the writer about three years 
&]^o anil shown in Fig. 2u, Plate it^, may be noticed before leaving the 
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oonmderation of the rectangular form of tubular oven. In this case the 
lougitudinal main is cast iii one piece, divided hy n diaphragm in the 
centre, with double sockets on tlie toj» sido for the s\'phons to foot in ; 
it rests on a centre wall with the tiregrates on either side. The form of 
the Byphons is pear-shaped, and their eectiou a flat oval. It ia a doable 
oven, Bet end oo/' aod the blast on enteiiDg the cold end prooeedB 
along one half 0 of the first mam aa £tr as the atop in die centre, and 
paaaeB orer throogh the syphons into the other half D of the main, 
wheooe it proceeds into the second main, and passes over throngh the 
second sot of syphons in the reverse direction. This oven raises a 
veiy good lioat, but the jiijx s are aj)t to bum at tin- parts overlianging 
the grates on either side in the hottest pK)rtioii of tlie oven next the 
middle wall. These parts are aboat to be strengthened and protected 

strips cast on at AA; with the addition of a oonneoting web B 
between the feet of each sjphon and cast with it. 

Of the virions ovens above described on the reetangolar tnbnlar 
constmction the writer is inclined, after carefinl consideraHon of all 
circumstances, to give the jtreference to that fshown in Fig. 24, Plate 19, 
in wliieh the luugitudinal mains are lixed and tlie syplions have tlieir 
1^18 parallel and united by a large semicircular arch at the top. In 
leaving this portion of the subject the writer does not wish it to be 
snppoeed that he has noticed all the hot Uast ovens which have been 
designed np to this period ; bnt he has endeavoured to make sneh a 
selection as woold enable the members to follow the varions difficolties 
that have presented themselves with each class of oven, and to 
appreciate the {»ainstakiiig perseverance with \^liicli during the last 
thirty years these difficulties have been encountered step by step 
and gradually overcome. 

The description' of oven- now abont to be oonrideied is one the 
substantial advantages of which have gained for it during the last km 
years a wide repntation and increasing adoption.. The arrangement is 

originally due, the writer believes, to the practical genins of Ifr. 

Mfirtin Baldwin, who first had an uvea on this plan constructed at his 
works at BUston, and by whose kindness the Institution is presented 
with a drawing of the first oven erected on this principle iu 1851, 
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wbieh IS eomauMily knmm ai the rcnmd oTen, dhown in Figi. 96 and 
S7, Fkta 20. Bearing in mind tlie Tarioas defeoli wbiab derdc^Md 
themselTee more or less In all the ovena pmionslj d«eerilied, Hr. 

I^aldwln (lirect-ed liis efforts — let, lo the constmction of ji iiKiin of such 
a loiiii that its exjiansioTi or conlraclion sliould in ti*» '^vay tend to 
disturb the soikct joints of tlie upright pipes ; 2imI, to the construction 
of upright pipes that should have all the expansion they reqnized 
iritbopt tending to distari» the socket joints or to hreak or bom doirn ; 
Sid, to liie oonstmction of a form of casing which, whilst it pen • 
good firegrate area, shoold be ooiqMct and as far as possible rerer- 
beratory, so as to throw baclr the heat on to the pipes and present as 
little surface as possible for its abstraction from tlie oven. In tbcie 
point*' he sncceeded to an extraordinaiT degree. It will be seen from 
the plan, Fig. 27 » that the form of main designed was admirablj 
adapted for the pur{)oscs in view ; being circular or annular in plan, 
cast in two semidrevUar porticns, with n kngitndinBl diiq^hngm 
through Ihe centre dividing each portion into two compartments : on 
the upper side of each semiiaroDlar portion 24 socket holes were cast, 
1 2 in each compartment, making 48 total. In ^e middle of the outer 
compartment of each mnm, between tbe sixth and Reventh socket holes, 
a stop 8 was cast; and at eitber end of tbe main an inlet and outlet 
branch was cast on, commouicating ^^itb the outer compartment. The 
two mains being placed on a brick foundation with firegrates below 
formed a complete drcolar main, ready for the insertion of (he i^right 
pipea. These consisted eadi of two stndght pqies about 11 feet long, 
cast together, with spigot ends at the bottom fitting into the sockets 
on the main, and closed at ttie top with the exception of a lateral 
opening to permit one fiido of the pipe to cohuiiiinicate with the other. 
Each ]>ipe was 1 inelies in^ille diameter and 1 \ inch thick, as shown 
enlarged iu the section Fig. S7, Plate 22. Twenty-four of these pipm 
were fixed in the soekete on the mains, »id the joints wdl rammed 
with iron eement ; and a cireular casing of maaomy lined with fire- 
brick was ereeted round them, and snrmonntsd with an arched dome 
and staclr. The cold blast, entering at the same end of each main 
through the inlet pipes placed side by side, trayersed first the outside 
CiHnpartmeiit of the mains as far as ihe t^top 8; and then passing up the 
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outer portion of the lirst six pipes atid down the aide next the iire it 
•rrived at the inner oompftrtment of the mains, from which it passed 
up the inner sidei of tin next nx pipes and down their outer aides into 
the outer oompartment of the maina bejond the stop, and thence issoed 
through the outlet faranebes at is^ hot ends of the mains. 

Ttan oTen was fonnd to give a satiafiMtoiyheat, tiioagh not apperior 
to tLat obtained with some of the other de8criptif>n.s of ovens ; but in 
freedom from fracture or leakage of joints it was soon found to be 
veij greatly supeaor to any others. 8ince its first erection eight 
yean ago no deviation irom the prindple of constniction of the 
mains or pipes haa been fonnd neeessaiy ; the only alterationa dnring 
thai tame having been Ihe elongation of the legs of the main into a 
horse-shoe form in plan, and an inc r e ase in the diameter of the pipes 
wiili a dimlBiition of Hieir weight from about 1 ton to 16 cwt. 
each by reducing the thickness of metal. Nothing could stand better 
than the socket joints at tlie feet of the upright pipes ; and the writer 
can state from personal experience that out of nearly 400 of these 
joints which have been within his daily inspection, and some of which 
hsTO been made upwards of five years, not one has e^er £uled or had 
to be remade. The great durability of the socket joints and heating 
pipes arises from the two soehets in each pair being dose together 
and cast in one piece, so that the distance between them is hiTanable 
and unaffected by expansion whatever be the tein})erature they are 
exjiused to ; while the pipes, being cast straiglit and without any 
points of contrary liexure, are not exposed to injury from the action of 
the fire, nor subjected to any strains from expansion, the whole of the 
expansion taking place yertioaUy in the direction of the length of the 
pipe, as shown in the diagram Fig. 41, Plate 83. 

In oonaeqnenoe of its complete freedom from fraetore or leakage, 
attempts were early made to Improve the mode of setting of this ronnd 
oven, so as to oLluiii :i larger heaUiig power from it. One of the first 
defects observed was the i)0.sition of the sLa*. k tiue directly over tlie fire- 
grate, by whidb arrangement a large proportion of the column of heated 
flame and gases, instead of being distributed amongst and about the 
pipes, passed dhreet ont at the wkantk without coming in contact with 
them. To obrisie this diflScnlty in the next oven erected the hole 
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through the brick dome aX the top commamoating with the steok wm 

built up, and the flues dletribiited Toand the outside oesing of the oren 

at tlie top so as to cieato a draught from the prrate to the back of the * 
pipes all round. Hiis was found to be a consKierabk' ini]*roTcment, l»ut 
was to some extent coimteracted by the casing of the oven beiug set back 
14 or 15 inches from the pipes, in order to allow of back floes being 
taken under the mains from the grmtes, thai some heat might ascend at 
thebsck as well as tiie front of the pipes : bjthis meansaeonsideraMe 
amoont of the reverberatoi/ effect of die easing owthe pipes was lost. 
It will be seen also that in the first form of round oren, shown in 
Figs. '2C> and 27, riute 20, a firedoor was placed at both the cold and 
hot ends ol the grate : this was l«jund to be very detriuiental, especially 
in a high wind, as the comparatively free draught playing under the 
giate frequently blew the fire out at one door when blowing fall in at 
the other, interfering seriouslj with the proper draught np the ow. 
These Tsrions defects were remedied by a farther improTed mode of 
setting, whflEre the second fiiedoor is done away with, and the ash hole 
blocked np at that side ; the brickwork is retained as at first doee to 
the pipes, with only about 4 inches space; and the to]) flues are placed 
round the outside of the rasing so as to distrihutc the heat as much as 
possible among the pipes, with considerabie advantage in the increased 
heating power of the oren. 

Figs. 28 and 29, Plate 20, show a fmrther improyonent of the round 
oven, r^iesenting one eonstrooted in 1857 with an internal core C 
at the writer's suggestion bj Messrs. Peny of Bilston for Messrs. 
Halloway's ironworkp in the Forest of Dean. This arrangement has 
been found to be a vuluabk iui])rovement, increasing the heating capaeity 
of the round oven to the extent of one third with a smaller consumption 
of fuel. The advantages of a core consist in affording a greater amoont 
of reverberatoiy sorfiwe ; in making the temperatoie meie miifonn by 
absoilnng any excess of heat and giving it oat again on an j diminntloa 
of temperature $ and in occupying the large Tacant space in the centre 
of the {xweRj thereby compelling a much larger amomit of the heated ^ 
gases to come into contact with the pipes. The area of firegrate in 
this oven is 38 gqnare feet, and the area of direct heating surface in 
the pipes 850 square feet or M square feet per tnyere for three 
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tajoni ; it U dqpabk of heftting the blatt for three tayeiee to a 
tempentnre of iboat 800^ Fahr. 

Sliortly before this lust form of rriund ovon ^vag erected, 
Mr. Josiah Smith of Dudley, wlio liad paitl groat attention to the 
subject and to whom in a great xoeafiture the previoue improTements 
m the setting of the round oven irare due, finding that he required 
father mote heat than one roond oven would afford and not iridung 
to go to the vxptmb of erecting two, devised tiie plan of elongating 
the semicirealar mstns of the roond ovens bj the addition of a straight 
length of pipe at the extremities of each, thus forming an oval main 
and increasing the number r>f pipes from 24 to .^2 in each oven, and 
at the same time aO'urdiug a considerable additional space for the 
firegrate. This was found to be so great an improvement on the 
ordinarj roond oven that in the next one eoostmoted the mains were 
farther elongated so as to hold 18 pipes each or 86 per oven, with a 
pffoportionate in cresee of firegrate ; at the same time a middle partition 
wall was haiH between the two msins, whereby the oven was divided 
into two distinct compartments so that one half ooold be cleaned out 
at any time with^mt intcrforing with the other. 

In the next example of oval oven the middle wall was overhung 
on each side by conrsc over course being gathered over, thus forming 
a core, which was fomid to prodooe the same striking improvement 
as in tha roond oven before described. An oven on tins oonstraction 
with 66 sqtnare feet of grate area and 1860 sqnars feet of direct heating 
sorfeee is now healing the blast snpiplying seven toyeres to a tempera- 
ture of 800* Fahr. at tlio writor s -^vorks at tlie Parkficld Furnaces. 
Figs. .'10. ."^l, and 32, Plate 21, ?liow a further example of this mode 
of construction in the case of an oval oven with core having 40 pipes, 
erected by the writer in 1858 at £Uurktield, in which the area of 
firegrate is 64 square feet and the area of direct heating snrfeoe in 
the pipes 1500 sqnare feet or S60 square feet per tnjere for six tojeres* 
The present nnmber of toyvres siqppHed bj this oven however does not 
represent its foil eapadtj, as it is capable of sopplying ten tuyeres if 
pushed a littb^ in the tirini?. The success of ovens of this description 
depends to a great extent upon good workmanship, upon all the parts 
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being well and thoroughly pnt together. Tlio ovens above descrilied 
have been erected princi]»ailj \iy Mr. Andrew ^^ (>olJilouse of Dudley; 
and a great amouiii of credit is due to his practical skill and attention 
to all points of detul in any degree likely to affect the economical 
working of tbe oren, especiaUjr m regards tiie proper adjustment of 
the floes. 

Li order to desitse tiie oven witihoat lumag to shut tlie Uast 
off, BBiali oast hon Iwz Ikimes witlt doors hm been inserted in the 

brickwork at D, Figs. 30 and 31, Plate 20, opposite each of the top 
flues; by which means access is triven to one at a time. an<l they can 
be cleaned oiit all in sncccs-sion m a few bom's without interfering in 
aoj way witli tlie working of the oven. The dust removed in oleaning 
these flues woold to some eactent fidl down in between the upright 
pipes and behmd the mam pipe. Xo eleanse ihese parts of the oven 
small box frames are inserted at E, Bigs. 81 and $%, Plate SI, 
opposite eadi space between the ]npee and near the socket joints, so 
that all rubbish or dirt which might accnninlate between the pipes can 
be remu\eJ : and similar cleansing lioles j)lacetl behind the main at F 
enable the process of clcujung to be completed. Though this might 
be considered s minor point, it is really one of considerable importntx^ 
ill an oven sneh as ^at now deecribed ; for in oooseqnence of the 
entire freedom f^om liability to fracture or leakage, the oven can thus 
be kept continnonsly at work for many yearn without the necessity for 
the blast being once taken off for cleaning oat the oren. 

Since the construction of the elonofRt^'d oval oven above mentioned, 
a further extensiou of the horse-sho, plan has been adopted, so as to 
contain 44 pipes per oven ; and in ord» r to strentrtlien the overhanfring 
core wall by the addition of more material in the cen^, the sides of the 
horse-shoe instead oi being made parallel as hitherto sre mads slightly 
div er g in g at the heels, msking the width of the oven grester at the 
centre than prerionsly. In some recently erected orens Chsiitsr*s 
shiftbg grate bars have been need witii advantage. 

From a consideration of all the circumstances and requirements of 
a good hot blast oven, those constructed as shown in Figs. 28 and 31, 
Plates 20 and 21, appear to the writer to be far superior to any other. 
3^0 best oven is that which fnr the longest period without leakage 
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iriU ke«t the gvei*«i launmt of blast to tlie highett teB^enlora with 
the iiiiaIleet€onfliimplioiiof liieoliMpert fo^ andinaU thMwreipeott 
tbe roand or anal orat iriih lateimal oores tare to be prefomd. 

As regards the sections of the hot l>last pipes, these have undergone 
great liiudilioatioiis during the last thirty years, especially in the 
thickness of metal, as shown in the sections Figs. 33 to 38, Plate 22. 
The thickness has increased gradnaU^ with the diameter and height of 
the pipe, from 1} inohin the earlier ezamplee to 2aiidS| inohoo in some 
oases, with the idea of prareiiting breakage ; but as the laws affeotiDg 
the eipaiision and eontnetioii of tiie metal became better oaderstood 
and allowed for^ fte thidaiess was rednoed to 1| inch, and finally in 
the preseni iipriglit pipe of the r r.ui and oval ovens to ahout 1 inch 
thickness oi metal, as ^hv•wii in the .'?ectinn Fig. 38, which is the section 
now preferred. Thus a cousidcrable saving ha& been efieoted, not onlj 
by re^lnction In Ihe weight of the pipes, but by their moife rapid 
absotptioii and tmunnission of the heat, whudi is inveraely as iJie 
tMcViMws of metal. 

An afanoet incKspensaUe adjunct to these or any oUier ovens is sn 
effideni and simple pyrometer, snch as €Nnmtlett*s, which the writer 
has had in coii^iant use for souie months. 'ITiis conisists of a sini{ile 
and ingenious method of inoasuring the variation of teui])crature hy 
the differential expansion of two metal tubes or rods, one end of which 
is inserted within the hot blast pipe leading from the oven, while the 
other gives motion to n small finger wocUng roond a dial plate. It 
is set to work np to 1000* Fahr., and althoogh it maj not be exaetlj 
aooorate as oompared with a standard gange, yet it has the adTsntage 
of being ahnjB ooneet with itself ; and the fbmaoe manager having 
once ascertained the point the finger must arrive at for lead to be 
melt' 1 111 .^t e at a glauct) in future whether the heat is above or below 
the proper degree. 

In regard to tbe economical consumpticm of fuel, it is difficult to , 
oonqpave one oven with another, whether they be of nearly similar 
eonaimeiion, or whether bnilt on different principles bnt of nesrly the 
same heating eapaoify. Tbe difficulty arises from the differenoes in the 
oonstriMtion, burden, and working of the fnmaoes to whieh the ovens 

o 
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are applied ; and also from the diiferences in tlie tonipcratnre of blast, 
the quality C)f slack used for the OTcn, and the care of the stoker : all 
of which, indo])e!ident of the constructiuu of the oven, must more or 
leM affect the jrield, that is the qnantitj of slack consumed by the oven 
p«r t(molin» inrodnoed from the fonuMse. Itudboamistakie to look 
tothfi ooBsomptionof ftielaloiMM « (estof tbeeffidenejof fthotbUot 
even : as H u qmto pomble for one oral eonflanung 6 ewte. of 
per ton of iron to be a more eeonomkal one Uian anoiher oonmnning 
only 5 twts, per tuu ; the blas^t in llie firpt case I'oing kejit more 
unifonnly at a higher temprrntnre and the furnace yield perhaps 
sboiring soTeral cwts. of coal per ton of iron in its favour. There is 
no doubt bowom of a verj great aaYiiig haYing been effected during 
the last tidrlTf ^eara in this reepeet. Aa fiur as can be gathered from 
earl^ statementSy 8 or 10 cwts. of bIm^ per ton of iron were at tet 
required to beat the blast to 820^ lUur. ; wbile at jMsent, mill a 
consnmptum of 5 cwts. of slack per ton of iron, it is not at all nncommon 
to secure a blast uniformly heated to 800^ Fahr. Thus the successive 
experiTnents on the constiucUon of the OTenf have resulted in the same 
quantity of slack heiiicf now made to perform from four to five times 
its original work. At the writer's works the consumption of slack Ibr 
beating the blast to the temperatoze of 800'* Fahr. has been xedneed 
since the introdootioo of the oval orens to 4i«irtB. pertonof imimads, 
as compered with between 8 and 9 ewts. need prenonsly ftr rsising 
the blast to a temperatore of only 600^. 

In concluding this paper the writer has to thank many friends, and 
others with whom he has not the pleasure of personal acquaintance, 
for the very liberal spirit in wliich both drawings and information have 
been furnished to him for the purpose of the present paper. The 
subject is one nhich has had a vast inflnence for manj jeais on ^ 
interests of the iron tndsy and liiroagh it on Ae coimtixandtheirofld 
at laige ; bat It Is even m<»e interesting aa ezempBi^g tiie patient 
perseveiuig eforts, wherebj diificalties that appeared insa r m on ntable 
baye been overcome, the contending forces of nature have been balane<Ki 
and controlled, and at the same time increased efficiency, economy, and 
durability have been achieved. 



Digrtized by Google 



HOT BLAtfr UVKliii. 



87 



Hie (.iiAiiiiiAN cousitlcrt'd lliey wore ^'reatly iinlebteil to Mr. 
Marten for his able auU vulutible paper, niul tlie troiiblt' lie LaU takeu 
^ in ooUeciisig sudi oompkto mfonuAlioii on the subject, and also for 

preparing the eztensiye MonM of drawings. 

lir. Habtbv itid h»d had greftt plMsme in eoUecting tiie 
infiDmuitioii ccmtaiiwd in the pi^w lor pcfmaneat recoid in tiie 
pmeeediags of the Inatitatioiii; it would atrre to Bh<|ir in fiitnre jmn 
the progress of the InTention up to tiie preflent time, snd woald also h% 
useful in drawing attention to the ditlicnlties to be eiieountered in any 
further impruveuieiitt» that might be attemptet]. The bubject was one 
of great interest in that neighbourhood, from the influence of hot 
biast ap<m the economy of manufactare of iron, aa well as from the great 
amoimi of ingemity and penevecanoe shown in oanying ont ike 
moeipiye impmements in its application. He was mnoh lodehted to 
ihs asniitancs of the Seoretaiy in pieparing the paper and drawings ; 
and he had great pleasure in adniowledging the liberal spirit in which 
he had been supplied with iiifurmation bjr the different partiet» who had 
eiiccted improvements in the ovens. 

Mr. Sami'sox Lloyd, having l)eeii connected with the first 
introduction of hot blast into Stafibrdshire and the earliest 
aannftetnre of hot-blast iron* in thab distriot, had witnessed the 
whole progress of the inTention from the eommwicwncnt, and thought 
the paper just read gave a oompreheBiiTe aoooont of the sneceseiTe 
wnpioyemeiitB that had taken plaee ; it also pointed ont in a dear and 
useful manner the difficulties that had been met with, and the causes 
from whicli thej arose. There ^^ a^^ an almost inconccivahle prejudice 
at first against the u?ie of hot biayt in iion furiiace:), so niuch so that 
it was at Hist nearly impossible to sell a single pig of hot- blast iron, 
saad aerienl jeazs eli^ised before the oonsomption of hot-blast iron was 
itt|1hiag to be mentioned ; whilst at the present time the hot blast 
was ahnoet nniYemUy adopted wherever iron was made. 

The mode of heating the blast first employed at his own works at 
' Wednesbury was Mr. Neilson*s earlj plan of long air maans lying in 

tlic heating flues a,s vlescribeil in the paper, and a greui advanUige was 
at on<^ found in the use of hot blast, liy diminished consumption of 
fuel in the iron furnace j but the trouble and defects experienced with 
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this eailv form of the apparatus were very great indeed. Mr. 
Firmstone nexl look uj) the suViject actively, and made an important 
improvement in tlio oveus by the adoption of syphon pipes, as described 
in the paper ; and other ironmasters in the district gradually joined in 
idopting the hot bUust^ and ultimately raooeeded in Uirlj introdueiiig 
its lue into Biaffordslitre. The plan of leaving tiie mam pq>e loose 
on one side of ihe oven He remembefed fint seeing at Mr. Henij 
WnKams* works at Weetlmmiwieh, bat not know wkere it 
ori^nated ; the loose main working on rollers was found to be a |?reat 
improvement, as also was the addition of ball and socket joints at both 
ends of tlie mains, to allow of the slight rotary motion caused by the 
lateral movement of fli*^ arched pqies in expansion ; a great deal of 
the trouble arising from leakage and iiaotare of the pipes was thus 
sared, and he oontinned to the present tone to use orens on 
oonstruction without difficulty or inoonTOtiienoe and with saAisfiMJtoiy 
lesnlts in working. He had slao one of the early round ovens at 
work, hut the heat raised by it was not nearly equal to that obtained 
with the rectangular oven, on account of the inferiority in the mode of 
setting and the large vacant 8pace in the centre of the oven over the 
fire. He had not yet tried any of the ovens with firebrick cores in the 
oentre, but the cores would certainly prore of much benefit in round 
and oval ovens, fay filling up the vacant spsoe and bringing the heat 
from the fire m closer contact with the heating pipes, and at the same 
time preventing fluctuations in the femperature of ^e blast by 
equalising the heat of the oven. Although such great progress had 
been already made in the mode of heating the blast, there were no 
doubt many ini])rovement8 of importance still to be effected in the 
construction of the ovens. 

Mr. G. A. En-etiitt asked liow long an interval there was between 
the first trial of hot blast by Mr. Neilson in Scotland and the 
introduction of liie plan into Staffordshire. 

Jix, Sampson Llotd replied that the first use of hot Uast by 
ttr. NeHson in Scotland was in 1829, and it was inlrodnced into 
Staflfordshirc in 1832. A remarkable circumstance was tliat at tliat 
time the ordinary iimke of iron was only about 5U to 00 tons j>er v>eek 
from each furnace, which was considered a good yield ; but at the 
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present time, witli the extended use of hot blast, the yield waij 
increiii»ed to upwards of 200 tons jht werk from the pnmo sized 
famaces, thoB showing the enormous increase of production eiiected 
with the same outlay of capital by the emplojiueiit of hot blast and 
other impronaments in the ftmaoes. 

Mr. W. Smitb ihoQght the paper that had been read was one of 
vsmh interest, giving » Talnable historical aoooont of the snooessiTe 
steps in practioally caTrying out the system of hot blast ; and the large 
increase in yield uf the furnaces that had been referred to marked the 
introduction of the liot Mast as a step of the greatest inijtortance. 
The prejudice against the use of hot-blast iron wa^ however still 
entertained ; and he had notioed^ in a reoently pabUshed report on 
marine eogines for the rusry bj the government oommissionen, ■ 
rcoommendation that hot-blast iron should not be nsed in their 
oonstmetion, whioh was a oondnsion mncih at Tarianes he thought irith 
the resnlts of general ezperienoe in the nse of best hot-blast iron : it 
was a question of the quality of the ore from which the iron was made 
and the care in it8> manofacture, rather than a question of hot or of 
cold bla^t. 

Xhe OHAmimi thought the whole question involved in that report 
was a Tssy important one; and as the resnlts arrired at would not be 
genenllf agreed with' it would be well if the members interested in 
the sidject would take it into eonsidenilioD, and it might be hronght 
under disonssbn with adraatage at a futnre time. 

Mr. Sampsov Lixjyd observed that the chemical effect of the hot 
blast in the iron furnace and the quality of the material produced by 
its use was an entirely different qne*?tion liom the method of heating 
the blast ; the former q^ueetion might perhaps be the more important 
of the two, but the paper had reference onlgr to the mode of heating 
the blast and the increased yield of the ftimaoei without legard to the 
quality of the material produced, whieh was an independent considera- 
tion and had given rise to some drrerstiy of opinion. 

Mr. Marten thought the prejndiee that eodsted against the liot 
blast had arisen chiefly from the facility it ollonled for using inferior 
niaterials in the blast furnace, which of conr^e could juoduce oidy an 
inferior <^uality of iron; bat he believed that from equally good 
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niitorulB liot-UMi iron WM hm^ to be little if it aU iafiaKior to 

cold-blast. 

Ill tlie constnietioii of rectnngiilar ovens l aving a loose main, the ^ 
addition of the ciij» and ball joints ut tlu* ends of tlic uiaius was a 
decided improvement, by providing for the slight rotary motion of the 
mains mider expansion, ^hich would bieek any joints if not allowed 
Ibr. fie folly xeeliaed tbe diifionliy eaq^eiienoed with tlie eeriy foim 
of loond o?eI^ to wbidi leieraDoe bad been made» in eoneeqiMnee of its 
deficieacy of heatiog power: tbe first round ovens that be bad at bis 
own wotks were ftrand to be Inferior to the reetangalar ovene exc^t in 
freedom from leakage and fraetuie of the pipes, in which rcs|>ect they 
were greatly superior. He then hecame satisHed that the round oven 
was superior in principle, as the leakage and fracture of the pipes were 
the most serioos defects that had to be contended with ; but the OT>m 
reqmnd improremait in the. details of setting. Xbe impfovemsnts 
snbseqnently made m this respect had enJarely removed the objections 
previously expeoenoed; and the roimd ovens were now feand so 
sapenor in legnlarily and eoonomy of worldng as well as in freedom 
from 1 akak'G tliat tlie \\ho\e of tho long rectangular ovens at his own 
works iiad Ik cn taken down and re|»laeed \>y round and oval ovens, 
with the exception of one oven having a .^^ingle longitudinal main and 
pear-shaped syphon pipes on the oonstniotion deeehbed in tho or. 
wbidk would also be removed when reqniring serions repair. Xhe chief 
advantage however of the lornid and oval orens arose £rom the firelniok 
ooce in Ihe centre, idiidi prodoeed an eortiaordinaiy degree of re^^ 
in Um heat of the blast; for tbe pyrometer showed that the temperatore 
did not \ary more that 50** fd)0ve or Uilow a mean temperature of 
about 8<>0^ Fahr. 

Mr. Samuel Lloyd hoped a supplementary paper would be given 
by Mr. Marten or aome otiier member on the extension of the use of 
hot blast, and im p rov e mente in the manufacture of hot-blsst iron, for 
the purpose of introdneing that hrsndi of the solject. 

The Ohabxax proposed that the disonssion shoold be adjonmed 
to the next meeting to afford an i^portmnty for ftnrtber consideration 
of this important subject, when he hoped the further paper on the 
subject of hot-blast iron would be given as suggested. He proposed 
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a vote of thanks to Mr. Marten for his paper, which was passed. 

Mr. Martex said lie sliould be happy to render every aid in the 
matteTi and hcfped it would be tftken vp bj boom other member. 



The foDowing Paper was then read, oommimioated by theXHiair- 
man, ulio lenailucl that, as Ae wriler was nei himsslf a member of 

the Instiuition, lie had introduced the paper for him, to enable him to 
bring the subject under the consideration of the members, but the 
paper was entirely Mr. Jeofien's 



Digrtized by Google 



I 



* 



ON A 

MARINE ENGINE GUVEENOR, 



Bt Mb. FBTBB JBNSSH, (nr OofKiiHA<»ir. 



The engiiMB In veiy luge Miev itetiiMn irith dMp drsnght •!« 
considered to work with snffident regnlaiiiy even in * gaie» m to 
dse end iveight of ihe eihip to a greet extent prerttit it from pitdung; 
and for tine reeaon no great diiferenoe in the depth of inuneraion of 

the screw tukey place : but, except in the above case, serious irregu- 
larity is experienced in the working of marine engines in a heavy sea, 
when the screw or the paddle wheels are one moment deeply immersed 
and the next moment revolving half or more in the air. A waste of 
power then ooeore ; for although in a given time the same amonnt of 
power ia supplied fkom the boiler, whatever tiie speed of the engines 
may be at anj moment^ still to power is not exerted in an advan- 
tageons manner whenever to propeller is only pariially immersed, 
as it then presents too little surface of resistance to the water, and 
is consequently not able to ])rop(il the vessel so efficiently as when 
inmierscd to the j)roper depth. In most marine engines therelbre, 
insttwl of the conismnption of steam being reduced by saving the 
steam when it oannot be used to advantage in consequence of to 
propeller being only parliaUj immersed, it is at tot time wasted 
in driving to screw or to paddle wheels with great speed in a 
light draught of water, and a great amonnt of slip or lose in effiMtive 
speed of the vessel consequently ensues. In applying a governor to 
marine engines economy of power must result, as in the case of 
stationary engines. Moreover most of the aecidents oeenrring to 
mwffm AF^g*n«>ff are due to the sudden shocks that will happen during 
a gale even in well balanced engines. The lubrieation is also often 
roBdeNd diffleolti beoanse to oil is thrown ont of to cups ; and to 
great anunmt of wear and tear in marine engines may be attribnted 
parUj to to shocks and to imgolar mothm, and partly to to more 
imperfect InbricatioD. 
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Jiariiifl eDgine gaYman hftye been attempted on eevenl ooeeeion», 
but onlj ivj few an yet applied. An ingenioiis modificatien of ihe 
r ofduiaiy Wait's eentrifiigal goremor liaa been employed for liM 

purpose, Silrer's four-ball governor, in which the action of a spiral 

spring is sul><!tituted for that of gravity, and tlie whole apparatus is 
balauceil so as to remain undibturbed iu action during the pitching of 
the vessel. But the mode of action of all such gore mors is by 
checking the anpply of steam to control the speed of the engine ajler 
it has begun to change other to qoicker or sbwer: and it has 
apfMaied to the inventor of the goyemor fonning the subject of the 
present paper, that the principal desideratom in a good marine engine 
governor is an instantaneous action, so tliat whenever the porew or the 
paddle wlieels are g<»ijig down in the water more steam may be 
admitted to the engines as quickly as possible, and in the opposite case 
the admission of steam may be as quickly as possible checked, bejbre 
the speed of the engines has been sensibly affected. For attauung 
ibis object it seems more natarsl to make use of the cause of the evil 
as a remedy against it, or to employ the irregular motion of the vessel 
as a means of regulating the engines, than to let the engines regulate 

I themselves. By this means an intermediate step is dispensed with; and 

by making use of the non-elastic water as the motive power of the 

I governor, the action will be exerted quickly enough upon the engines 

to regulate the aiqiply of steam before the depth of immersion of the 
propeller has been materially altered by the pitching of the vessel. 

The constmetion of the neir Marine Engine Govemor is shoim in 
Plate 2S, in wlnsh 3^. 1 is a transverse section of the vessel 

showing the govemor in position ; and Figs. 2 and 3 are a longitud- 
inal section anti elevation of the govemor enlarged. 

A cylinder A is placed at each inner side of the vessel below the 
water line, the bottom of the cylinders communicating with the water 
outside by means of the Kingston valves B. £aoh cylinder is fitted 
with a piston C, wluoh is loaded with a iprii^ D either of steel, 
compressed air, or india-rubber. The piston rods E act upon bell 
crank levers FF, and by msans of connecting rods GG motton is given 
to a common spindle U, from which the throttle valves of the engines 
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«re worked in roeli ft animer thftt the pistoiM 0 go dovm 

throttle valves are closing, and when the pistons go up the valves are 
opening. NoTV as the pressure of the external water increases in f 
proportion to the depth, when the openings of the valves B come into 
dififorent d«pt]i9 In oonseqiience of the pitching or rolling of ihit TeM«l, 
the pnamre on tiie instons C will be duuiged proportionitaly ; and to 
each preMmre will oarreapond ft oertem pontiaa of the plstoiu ud of 
the thiottle Tftlves oonneeted with tiiem. Omittbig the pitdiing of 
the veeeel in e peddle ivheel eteemer end eonsidermg onlj t^ rolling 
motion, it is obvious that when one pachlle wheel is deeply immersed 
and the other nearly or entirely out of the water, the pressure on the 
two pistons will be ditiereut ; but supposing them connected together, 
the position of both and of the throttle valves will be then oorvoB* 
pon^g to the dififerenoe of resistftooe on the two paddle wheela. 

H these cy&aSkn are plaoed as near to Ihe propeller as eonremeni, 
so as to ensure pretfy nearly the same depA of iaunenion, it will he 
seen that Uns apparatus will tiien aet as a governor hr the engines : 
for the propeller is revohing in a light draught of water, the 
supply of stoam to the encrines is proj)ortionately diminished ; and 
when revolving in deep water, tlie supply of steam is proportionately 
increased. The whole ammgement is aimplei as shown by the 
drawing, and the oost small, probaUy not oxoeedhig 4 or 5 shilUngs 
per horse power. 



Mr. W. Smith thought it was very desirable £6r attention to be 
drftwn to the greftt importanoe of having sndi ft goremor generalljr 
employed In marine engines foft oontiolling the sp e ed of the engine in 
rough weather; he oomndered an efficient governor was even more 
necessary for marine engines tiian for land engines, for not only were 
marine engines snhjeet to more sndden shocks, hot tiiere were abnndant 
fuLiluies for repair on land, whilst at sen any accident to the him ry 
was of much more senous consequence, mvolving the risk of difiabimg 
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the vessel. He thought the governor descril cJ would bo very 
{^orviceal)le if properly applied and in tlie l»est situation. lie remeniltered 
\ s soiaewhat siiiiilar plan of governor being proposed nhea the screw 

piopeUer was first beooming gmnllj adopted, (he govarnor aduig 
wkeniliesteiiioftiwvesaellMeaiiieeKpoted; Imtitwis not meiai lobe 
ap|>Ued to paddle wheel eteemen, m it was eonrideied that when one 
paddle wheel was out of the water the other would be Iblly immened, 
and the power absorbed from the engine would remain the same. Another 
governor had also been recently desiirned for the same purpose, similar 
in many resj>ects to the one now tiescnbed, consititiug of a lung vertical 
cylinder fixed in the after part of the vessel near the propeller, having 
the pifltoa oonneeted to the throttle yalre by levers and a^jneted to 
the diaiigfat of water, with epfinga to giye a quicker aetion ; and for 
paddle wheel steamers two of these cgrHndeis were propoeed to be 
employed and to aet separately on tiie throttle valve. He understood 
this governor had been tried in one of the Glasgow and Philadelphia 
steamers; but it di<l not appear to have been very successful in working, 

f 

and had ther' f rr been removed. 

The Chairman remarked that the governor described in the paper 
belonged to the class of stonn'* governors, for controlling the engine 
in a longh sea ; sooh a governor was not required in still weather, 
when the woik vpon the engine was nearly nnifonn, as tiie ordinary 
governor was then soffident for rognlattng the speed ; hat a separate 
special governor might be desirmble in stormy weather to avoid the 
objection al>le necessity of a man standing by the throttle valve to ease 
the engine instantly when beginning to run off. Several plans liad been 
proposed for that purpose at different times, in one of which a pt ndulura 
weight was employed in connexion with the throttle valve, to regulate 
the admission of steam accofding to the rolling motion of the vessel. 

Mr. JsnsKT said he had long had this plan of governor nnder 
considerBtion, and on coining over to England expected to find some 
sneh contrivance already in use for regnlatbg the speed of the engine 
in stonny weather ; but on making enquiries on the subject he oonld 
not learn that such a governor had ever been tried, and was tliereforo 
induced to bring it forward, as f?ometliing of the km*! was evidently 
mndi needed in a rough sea. Ue enquired why the governor that had 



Digrtized by Google 



OG MABINK ENOiNK UOVEHNOK. 

boeii refemnl to on tlie (ilasgow and i'hiiaJolphia steamer iiud been 
abaiidoiu'd, and what wore the result* of its workiiiu . 

Mr. W. ^MiTii replied that he did not know the particalars of its 
working, and WM not aware why it had been abandoned. 

The Chairman proposed a yote of thanks to Mr. Jensen for his 
paper, which was passed. 



The Me^'ting then terniiuatod. 



i 
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July 27, Itibd. 



Tlie General Meeting of the Members was held at the lionse of 
the Institution, Ncwhall Street, Birmingham, on WcduescUy, 
27t]i July, 1859 ; Jobiph Whitwobvh, Etq., Yiee-Fresideat, in 
the Chair. 

TkB Minntw of the last General Meeting were read and confirmed. 
The ORAtBHAV annonnoed that the Ballot Papera had heen opened 

by the Committee appointed for the purpose, and the following New 
M^ubers were duij elected : — 

MKMBBBS. 



GioB«B Alios, 


Derbj. 


John Butler, 


Leeds. 


Thomas Wilks Lord, 


Leeds. 


Joseph Pitts, 


Leeds. 


Thomas BwiaeLBB, . 


. Derby. 


Ommb TatloEi Jmr., . 


Leeda. 



¥ 

t 

An ftli'ilrnrt was tlK-n rend of tlic Paper read at the )>r(?vious 
meeting, " On the construction of Hot Blast Ovens for Iron Furnaces," 
by Mr. Henry Marten, of WoWerhampton, (Prooeedinga, May, 1869,) 
ibe dtecuBeioB of which waa then eontinued. 
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Mr. H. HAVDfLAT obierred Hutt at the prerlons meeting tiie 

BuUjoct of tlu' jtajior was considorod so importaut that it was thought 
desirable for tho discussion of it to ho adjonnied, in order that it 
might be continued at tlie present meeting and might include also the 
further subject of tlie raUtire qualitj of hot- blast iron as compared 
with oold-bkst ; for the greet adTaateges that had ariaeii fnm the 
introdnotioii of the hot blast in the mannfaetnre of iron and the great 
addition it had oanaed to the qosuti^ of iron mann&ctoied in the 
loonntry made this subject <me of wide intereat. They were mueh 
indebted to Mr. Marten for the complete information contained in his 
paper, giving so intercbtiug and valuable an account of the gradual 
rise and progress of the invention up to the present time, and for X\m 
e^nsivc scries of drawings by which it was aooom|Mtiiied. He was 
veij glad they had the advantage on the preeent occasion of the 
presaioe of Mr. Neilaon, the inyentor of the hot blast ; and hoped he 
wonld give them an explanation of the ciieomatanoes that first led him 
to the idea of flie hot blast. 

Mr. Neilbon said it was easy to ex})lain how he had first thought 
of heating the blast : much easier than to explain fully the results 
tibtamed by the hot blast. 8ix or seven years before lie brought out 
the plan, he hud read a paper before the Glasgow Philosophical 
Sociely on the best mode of talcing out the moistoce from the atmo- 
spherie air in snmmer time^ previous to its entrance into the famaoe 
through the tujeres ; for it was fbnnd that the make of iron was mnch 
impaired in smnmer weather both in qnality and qnantiij, and he had 
become satisfied tiiat the cause lay in the greater proportion of moisture 
contained in the air at that season. His first idea ^vas to jiass the 
air throngh two long tunnels containing calcined lime, so as to dry it 
thoroughly on its way to the blast cylinder of the blowing engine ; 1 nit 
this plan was not put to trial. About that time his advice was asked 
bj a friend, Mr. tTanies Ewiag of the Muirkirk Iron Works, in 
regard to a blast fbmaee sitnated at a distance of half a mile 
from the blowing enginoi iriuch did not obtain a sufficient snpplj 
of blast at that distance, and oonseqiiently did not make eo much 
iron as two similar furnaces sitoated close by the same engine ; and 
it tlien occurred to iiiiii that bince air increases in volume according 
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to its teTni)cratare, if it were passed through a red-hot vessel before 
entering the distant furnace its volume would be increased and it might 
bo eoabled to do moie dntj in the distant iiumaoe. Being «i tb«t tame 
engaged in tlie Glaqgov gae woifcs he made an experiment at once en 
tbe effset prodneed open the iUmninating power of gae by a sopplj of 
heated $ar brought up by a inbe dose to the gas bnmer ; and found 
that by this means the combustion of the gas was rendered more 
perfect and iutcnso, so that the illuminating power of the particles of 
carbon in the p;m was greatly augmented, lie then tried a similar 
experiiiiont Avith a common smith's fixe, by blowing the fire with heated 
air ; the effect was that the fire was rendered most hrilliant» with an 
inteDBe degiee of heat, while another fire blown with cold air showed 
only the hrightness ordanarilj seen with a high heat Having obtained 
floeh nuoked resnlts in these small experiments it then occnrred to 
him that a similar increase in intensity of combustion and tempo rrit me 
produced wonld attend the application o( the same plan on a large 
scale to the blast furnace ; but his great difficulty in further developing 
the idea was that he was only a gas maker, and oouid not persuade 
ironmasters to allow him to make the neeessarj experiments with 
blast fomaoes at work. At that time there was great need of improT<e- 
ment in the woridng of blast fomaces, for manj fnraaees were at a 
stand for want of blast, being onable to maiittain the necessary heat for 
smelting the iron ; and unless as much as £C per ton could be obtained 
for the iron no }>rofit was realised, on account of the heavy expenses 
attending the furnace^;, A stronfif prejudice was felt a^-ainst any 
meddling with the furnace, and a ki^d of superstitious dread of anj 
change prerailed, from the great ignorance of fbmace managers witii 
respect to the real action going on in the fnmaoe and the causes of 
the flactnations that occurred ; when a fiimace was making No. 1 iron 
no one would be aUowed to touch it, for fear that if any change took 
place it mi^bt be many weeks before the Aimace got round again from 
whiti» iron, lie at lonixtli succeeded however in indwcinor Mr. ( 1 i irlrs 
Macintosh of Glasgow and Mr. Colin Dtinlop of the Clyde Iroji W rks 
to allow him an opportunity of tryin*; the application of heated air for 
blowing a fhmaoe; and though the temperature of the air was raised 
but little^ not more than about dO"" Fahr., he was glad to be allowed to 
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make a trial even with small an amount of heat. This first impcrfoct 
trial of liot blast however, with a rise of tcmjieratiire of only 50% showed 
a marked difference in the scoria from the furnace, oMudiig it to he les8 
bUiBk. <»r oontuning Ims iron; and he wnn therafore anions to try ihe 
plan tztemiTS aoala, in ocder to uMf lumaelf as to the 

ehangQ m the make of mi and to eatahlish ihs oometean of tibe 
principle. He was atiU retaided }aj the strong objeottona of ixonmaslefB 
to any alterations in eonnexion'ifittf&elbniaieeBy whiehprmnted him 
from nuikiit-; the necessary experiments for ascertaining the best- way 
of earryim:,' out the plan : in one instance where he had so far micceeiicd 
aa to be allowed to heat the blast main, he asked permission to introduce 
deflecting plates in the main or to put a bend in the pipe, so as to bring 
the blast move eloaelf against the heated aidea of the pipe and also 
ineraase the am of heating BarfiMe, in order to raise the tsB^eratnie 
to a higher point; hat this was reAwsd, md it was said that if even • 
bend were pot in the pipe the fnmaee would stop working. These 
prejudices [jroved a serions diflieulty, and it was two or three years 
before he was aliowtu to put a bend in the hhist main ; but art(»rm»ny 
years of perseverance at the subject he at length enabled to work 
out the plan into a definite nhayxi at the Clyde Iron Works, as had 
besn so oompletely and oorreotly described in the paper that had been 
read. 

Hie inrention of the hot Uast fimwiBtsd sok^ in the prinaple of 
heating the blast between the engine and the fbmaoe, and was not 

associated with any particidar construction of the iutermediate heating 
ap]>aratu8 ; this m as the cause of tlio that had attended the 

inveiitiijn, and in this respect the case had much similarity to that of 
his countryman James Watt, who in connexion with the steam 
engnie invented the plan of condensing the ateam in a sepanto Tessel, 
and was sncoessfiil in maintaining his inrention bj not limiting it to 
any psrtionlar ccnstraetion of condenser. He was glad of this o^or- 
tonity of acknowledging howfirmlv ihe English ironmasters stood by 
him in the attempts made in the early time of the use of hot blast to 
deprive him of the bcueht:? <-f his invention; and to them he was 
indebted for the successful iisue of the severe conteet he had tlten to 
go through. 
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Mr. Makten thought the information given by Mr. Neilson was of 
a most interesting character, and it was a great advantage to bare 
liad the cpportonity of hearing the purtieaUurs of the patieiit penenre- 
isttoe dufplajed hy hun in eanTing out the uii|KirtAnt iuTontioii of the 
hot bhwt ; hie example was • gieai enooiingemeBt to others to sieet 
the difficnhies thejr must eneomiter in pioseoiittng any new idea to a 
successful result. In the hands of any one less persevering and 
indefatigable the idea uf tlie hot blast might have been tried for a few 
months only ami then abandoned, and the results would have l>een lost 
to the world, or left to be worked out by others who would then hare 
derived the benefit of the original invoition. 

At the pvevions meeting Tefarenoe had been made to a part of the 
reoeat report* of the eommittee appointed by government iqpon the 
marine engines for the navy , in which it was reoonmiended that the use 
of hot-blast iron should be entirely excluded iji their eonstriu tioji ; 
ami he Ci)nj^idere«l it right that this extraordinary conclusion sliould be 
further noticed. It appeared from the report that the committee 
witnessed a trial of the comparative starength of a pig of hot-blast iron 
and another of oold^blast, in whioh <he hot-bUst pig was broken bj a 
single bbw of a small sledge hammer, while the oold-blaat stood 
npeated btbws of a vesy large sledge hammer before it broke; silsothe 
hot^blast pig was broken by being thrown npon the gnftmd, while the 
cold-blast Itoro the fall withmit injury. No otlier experiments were 
meiilioned, and the committee )iroceetIed to recommend the entire 
exclusion of hot-blast iron in the construction of marine engines for 
the navj) and he was greatly surprised at sncb a strong opinion being 
ezpfessed npon such inadeqoate data ; the experiment described was a 
very misatis&ekOKy mode of asoertaimng the relalzTe qnalities of hot and 
edd-blast iron, and not snffieient to afford any ground whatever for so 
serious a conolnsion : for it was evid«it that the comparisoii had been 
made between a good cold-blast pig, and a hot-blast "cinder pig." 
which being made of very inferior materiala was far removed in 
quality from the first class of hot-blast pig iron. It was important 

* Beport to the Lords OomnuflaiODerB of the Admiialtyby the Oominitlse en 
Msrlae Bngioes, wtCh BepUes by the Surveyor of the Navy. 4th April, 1869. 
FsgeSa 
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that tlic miitakcu viewti ativauced in the report f^liouUi be 
discussed and set right, as the question was one closely tiffecting 
the ironmastera and also the country at large ; for if the quality of 
hot-hlMt iron was as good as thai of oold-blast and its cost onlj half 
thai of the latter, a great ivaste would be ocoasioiifid If oold-bkst iron 
were to be used throughout the maohmeiy for the naTj where hoi^blasi 
would answer <|iiite as well and at half the cost. Fortmiatelj how«rer 
the Surveyor of the Navy's replies were |)rinted tlirougliout Avitli the 
report, and were ol' lunch value in correetiiig the erroneous views 
advanced : and it was then- |»(tinted out, in reply to the suggested 
exeiusion of hoi-blast iron, thai there is no ground for prohihiting its 
use, Bimply because it is cheap and may be improperly used ; ainoe it 
is unqaestioiiahly prodndm of beaefti, when used with jndgmeni. 

This portion of the report showed a great ignorance of practical 
ironmaking, the only difference recognised in the (lualities of the two 
descriptions of iron being that due to the temperature of the blast ; and 
the experiment witnessed was unsatisfactory aud inconclusive, a single 
pig of iron only Iteiug dealt with in each case, and no meutiou being 
made of the locality of production, or the ^oaliiy of the pig as regarded 
the material from which it was made. There were three principal 
clasoes of pig iron : namely oold-blasi mine iron, in which the maieiud 
need was entirely mineral or ironstone from the mine, smelted by oold 
blast ; hot>blast mine iron, made from the same material by hot blast ; 
and hot-blast cinder iron, made from inferior materials and from tlie 
cinder «»f putldling funuices mixed in the bla^t furnace. The quality 
of each description of iron was due ahiiost exclusively to the materials, 
that is the ironstones, fuels, and flnxes, used in the famaoe for its 
production, and yaiied continually eren at the same works according 
io the ^tore of fhese materials. The ironstones wted greatly in 
^nalily, and there were altogether more than 150 different varieties now 
known, which might be classed into the following eight principal 
divisions: — 
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1. — Black Band ironstouo of Scotland. This is the principal ironstone of 

Sootlaod: when smelted irith cold blast it produces an inferior iron, 
and indeed m « oold>bIut iron etn hardly be made, tinoe with Ihe 
generally inforior fad there obtained the neoemiy heat for smdtliigis 
with difficulty maintafned with oold bla«t^ and the ftunaeee are oonae* 
qoently liable to aeriona fluotoationa in working: the ooId-Uaat iron of 
Beoiland ia aoaroely in any inatanoe superior to the hot-hlaaC of thai 
ooontry. When made by hot blast the Iron prodnoed is of a naeftil 
qtnlitj for foundry porpoees^^thoogh not very toD|^ 

2, — ffematUfi ironstone of Comberlaod ; prodooee eifhar with hot or oold 

blast a very strong tough pig, foming « good tnm either for forge or 
melting puiposea, Imi reil-hort. It i? vcrr (rood as a toughening miztore^ 

& — GeptUmd ironstone of York I i n This is a different and peculiar quaUty 
of Ironstone, only recently worked, but the iron made from it is now 
largely exported and also used extensively in this country. With hot 
blast it prodiTCC^ a scrvieoable but rather cold-sliort iron, and n. fair 
quality for castings or toiuo porpoeea. The ironstone of this dlstriot is 
invariably smelted by liot Mast. 

4. — Ciay Band Ironstone of Derbyshire, Stat}'ord<»hii'c, and Shropshire; 
produces a good tough iron witli either hot or cold bhi.^f, and whea 
Judiciously mixed in tliu furnace a Une quality of pig is obtained for 
best and general {Mirjio.ses. 

o. — Ut/diatc iroubtoncs of the Churuet Valley ; theoe give a very fine soft iron 
with either hot or oold blast 

0.-»JMikMiftefi»Mr« iiofiistone. At iltst % vary InftikT deioriplloii of iioii 
was obtaioed ftom this ore; but now wHh a belter Bunagement of the 
ftamaoe specially adtpted to this on^ and good ftni» a vory soft and 
fluid qoaUty of meltiag iron is prodnoed with hot blast, wUeh oompares 
wen with tha general average. 

7. — South Walet day band ironstone; prodnoes fine deeortptions of pig iron 
with either hot or oold blast, The South Wales ironworks are chiefly 
dq^endant for their iron making on th* esMUeot qoaUty of ftiel obtained 
these, and the mixtoresirforeB used in the fimiaees am Ivgdj loiportad 
from surroii tiding distriois. 

%^Forc.<t of Dean ironstone ; prodoMs with either hot or oold blast a very 
fine desoription of pig iron. 

It thus sppeured thmt many of tho iionstones made * good qiiaUly 
of iron both with hot and oold blast ; the largest portion of the iron 

in the country, more than 90 per cent, of the whole, was now made 

l»y li(jt blast, and in many cages tlic iron >vai5 vvitldn a trifling 
percentage of the same strength as cold- blast iron. The bad name at 
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ftmt aoqvired hj hot-blMt iron irose firom not distii^ftitthing betwMA 

mine and cinder iron, and from the facility afforded by the hot 
blast for making iron from very inferior muterials, such as iluc 
and tap cinder and llie refnse scale of the mills and forges, which 
could not be worked at all I»y cold blast, and of course could prodaoe 
only an infiBrior qiudilgf ol iioii. The best cIms oI oold-bkMt iron was 
1IO doobi somewlMt iaperior to the best hoi^lilaat, M « but ib» 
difiSsraDoe ma wji so maakoA as to wacrant any unqoaliflod oondan- 
natton of hot-blaat, such as was oonveyed in the report that bad been 
referred to, or by any means to justify its exclusion from first class 
meclianical purposcB, where jU'lii ii usly used: for hot-blast iron, 
especially in second runs and for ionndry purposes generally, was an 
excellent material when made from good ores, and the great bnlk of 
best bot-blast castings made from jndieions miztues were qoHe eqnal 
to tiiose ol cold-blast Iron, and nt the same iinie mneb ehei^. 

Kotioe of tbe opinion ezpresaed in the report iins pcobably more 
partiedarly desivBUe for abroad than for ^ oovntij, sinee any official 
report was thought more of abroad, and might have had the effect of 
liituipering manufacturers of engines to a considerable extent in their 
foreign orders ; but ho hoped that vnih the acconijianying replies of 
the finrrejor not much ii^juiy would be done by the recommendation 
in ibe report. It iraa bowerer advisable tbftt engineers should give 
tbe resnlts of thsb ezpsrienee on the 8nb|eet, and by n dear stetement 
of fiwts aid In esUUidnng ooneet Tiews upon iiiia importentqnestion. 

Tbe OKAntMAX enqnired wbether Mr. Marten need both hot and 
oold blast at bis works, and whei^er be considered that with the same 
materials tbe hot-l>last iron was as good as eold-blast. 

Mr. Marten repluni iliat he made only bot-hlast in.tii al hi» works, 
and considered that within a small percentage it was as good as cold- 
blast when made from the same materials and in properly adapted 
finnaosB, Ihnt is Isiger sad with wider throate ; wliile the nse of hot 
Uast was attended with several adnmtagss : with the same malerisl 
mnch less fbel was reqmred per ton of iron prodoced when hot blast 
was employed, and much more iron per wedc from lihe same femace 
could be obtained ; a more uniform quality of iron was produced, 
and they could generally calculate on greater regularity in the working 
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of the funiacea with hot blast, the cold-blast furnaces bciiisf more liable 
to be aftectcd by lluctnations in the state of tlie atmosphere. 

Mr. Nbilson remarked that iu reducing iron from the ores in 
uludi il WM foimd, the first point to be noticed was tliat a high 
tg—p w ature WM W yi iw dio efbai the radnotMNi: formerly with ib$ ccdd 
blast ih« huA mm onlj jnrt nmd to alNmt the melttng point of the 
oMy aad aocofdmgly the point of faeion wee eo near the limit of 
tcmpentnre that eoold be obtMned in the faniaee that the heat wtm 
Oonatantly liable to drop below that i>oint; and whenever the heat waa 
lowered eren slightly, a scow would come on, as it was termed ; the 
film ace began to work badly and black slag was immediately prodncttd, 
containing an excess of iron runnincr nxniy to waste. But a great 
difcenee ma made bj the mtrodnolioii of the hot blaet, the tempera- 
tuM of the ihniaoe bemg altogether laiaed ooBiideiably, eo that agood 
margin waa left for flnotoaiioBa in the tenqiemtaie without affectmg the 
qoali^ of the trao made. Manoiww with the eold Uaat the point at 
whioh fturion of the ore took place in the ftimaee was at least 2 feet 
height above the level of the tuyeres, the coldness of the blast on 
entering t^ie furnace preventing the fusion from taking place at a 
lower level, so that the melted iron was obliged to tri( kle down 2 feet 
through a sort of refinery, thereby beconaing parUj decarboniaed and 
iirjined in qoahtj. £«t with the hot blast the tempemtoxe neoessaiy 
ism Ihsioii was attained witimi 6 inehes heigbt above the tnjereai and 
tbe melted iron dropped down immediately into the heerthy whera it 
waa pnteeted from the blaet by the sooria floating on ite snrfiMe. A 
etriking instance of the change prodnced by the adoption of hot blast 
he remembered at the Muirkirk liuu SVorks, where the furnace was 
[)reviously making good iron with cold blast : Init on aj 'plying the hot 
blast at a temperature of about 400° or 500"^ with the same burden 
on the funaoe, the first cast gave iron so rich with carbon that it was 
qmle useless from its weahness $ the pig broke with its own weighty 
and the iron was soft almost like plmnbagOt so that it eoold be ent 
with a km&. Thorn was speedily remedied taking off some of the 
burden of the famaee, and using more ironstone, less limestone, and 
less fuel, so that the iron was less highly carbonized, to conipensato 
for its being less decarbonized in passing thd tuyeres : the furnace 
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WM thai in ft few days refttorad to ihi» light mnkbg, and jiMtA ixtm 

equal to No. 1 cold-blast. 

In comparing hot aud cold-blast pigs an important point to be 
noted was that a relatively higher number had to l>e taken in liot-lilast 
iron to corr^pond with the same quality in cold-bliat ; and the waut 
of obaerving this essential distiiietio& fonaed a great impedimeiii 
Mgtamt ihe use of hoi-bLut inm at fint, «• it mm sold bjr tlie ooM- 
Uaat mnnibers ; and the mistake was eet right tmXj after a lengthened 
experime of the qnalitins of hot and odld-hlaat pige. 13ina No. 1 
hot-blaat waa weak eompaTed with ITo. 1 oold-hlaat; and a ftier 
fracture than Xo. 1 was required to <<ivo the same strength as Xo. 1 
cold-blast, No. 2 hot-blast corresponding with Xo. 1 cold-blast. 

The use of hot blast afforded the means of extracting iron from 
almost any substanoe oontaining it, but the strength of the iron thus 
obtained depended of conrae npon the materials it was made fiFom: if 
iheae were of in£arior quality the iron oonld not be expeeted to stand a 
severe test. The relatiTe quality of hot and cold-blast iron was'fidiij 
determined only when both were made from the same materials ; and 
his own opinion was decidedly that if the same matmals were employed 
and the projter nunihers taken for denoting the quality, the hot-blast 
iron ;vas fully as strong' as tlie eold-Mast. The experiments made by 
Mr. Uodgkinson and Mr. Fairl>airn in 1337 for the Brituh ABsociation 
proved conclusively that hot-blast iron was as strong as oold-blast, 
when nuuie £rom the same materials; and therefore it was yery 
desirable that the erroneous views entertained respecting the two 
descriptions of iron should be taken up and eet right. 

Mr. C. Mabxram believed a general conviction prevailed that 
cold-blast iron was superior to hot-blast : he was aware that the 
experiments made some yenrs niso by Mr. Stephenson previous to the 
construction of the High Level Bridge at Newcastle, which were ^ 
probably the most comprehcnsire and neeurate experiments that had 
been made, showed that hot-blaet iron bad nearly the same strength as 
eold-blast; and tiiose experiments oonfirmed previous and subaequent 
ones. All the experiments that he was acquainted with had been 
made with bars subjected to a gradually increased weight : but he 
believed that cold-bli^t iron was much stronger than hot-bla^i in 
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resisting firactorc by impact, aiul it was desirable that exj^orinicnts 
shonld be also made uiiii bars te?<tcd in tliat mftnner, C<.ild-l)last iron 
botli in pigs aiid bars had always obtaiucd the best prices ; and it was 
the general belief that the best iron made in this coontrjr was from cold 
Uasi. In Derbjahiie ho^blast ironiraa made almoet ezolnsiTely : tmt 
reoenilj Mr. WiUiam Fowler of Sheep Bridge Ibron Wotka near 
Obeateifleld IumI oommenoed woriong one of hie fbmaoea wiih oold 
Uaet ; he had seen aome of this iron at MeeerB. Taylor^a woika at 
Leeds, which was broken with great ^flicalty and was much snperior in 
quality to any iruii he liad jireviously seen in Derbyshire ; the wheel 
tyres that were made from a mixture of thia iron appeared to be of 
excellent qoality. 

The CHAiiUiAN thought the general impression that cold-blast 
htm was atrongor than hot-blast was entirely owing to the inferior 
materials aometiiiies used in makiag-hot-bkst iron ; but the compar- 
ison should be made only betiroen pigs smelted firom the same 
materials. Wa own experiments showed that hot and oold-blast iron 
were of about eqnal strength when made from the same materials. 

Mr. I{. BuowN remembered casting some girdcr^i for Mr. Jesse 
Hartley for tlie Liverpool Docks, in wliidi a greater Rtrength than 
usual was required, and was obtained by mixing various hot- blast 
irons from Scotland, using generally No. 3 hot-blast with a little of 
No. 2 ; which gsre a better test bar than he ooold <get with oold-blast 
iron. He also obtained esceUent tests from a mixture of North Wales 
hot-blast irons of the same nnmbers. The test bar was 1 inch sqnare 
and M inches kngth between the sapports ; and the breaking weights 
were firom 600 to 700 lbs., the ayerajtre deflection being Ih inch. 

2Jr. E. .JoNKS had also oast a nimil cr of girders some yearf> ago for 
Mr. Hartley, for Avarehoiise floors at the Liverpool Ducks, tlie testing 
of which was unusually severe, each girder having a test bar cast upon 
it, which was broken off at the warehouse and tested ; the bur waa 
2 inches deep by 1 inch wide with 86 inches bearing, and had to cany 
80 owts. in tiie centre. The iron that he fbond best was a mixture of 
8*6tfas hot-blast Scotch, l<5th hot-blast hematite, and l-5th good 
cast scrap ; this produced a very strong casting, and the only one 
capable of standing the required test. 
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Hm Ohaxkmav aaked wlwOiflr Mr. NtfliOB IumI Men the new otral 

hot-blast o^en that Had been described in the paper, and what was his 
opiuiou of the |tlan. 

Mr. Keii,>on sftid he Lad &een the iiiijauved oval oven with core at 
the Pai kHeld Irun Works, and waa much pleped with the construction ; 
he oould fully believe the sta torn cut given of its greater durabililji 
from the length of time it had eontiiMied in i^guler woik vitboot anj 
defeot of the josntB or pipee ooeuring ; he waa Mtiefied it was the beet 
hot-blMt onrea he waa aeqnelnted with. The nee of the fxMtk oore 
iree en fmiKirtaat advantage, rendering the oven leas liable to imgn- 
larity of temperature, and causing greater uniformity in the quality of 
the iron itrodnml ; for a variation of only a small aiiiouut in the heat 
of tlje oven aftocted the make of iron, and mip^lit he occasiont'd in the 

■ 

ordinary otcu^ by careleemess of the hreman ; but the vanation could 
not take place to snehan extent with the fliebriek ooie, iriiioh aoted aa 
a magaaine of heat, wmtaimng heating power that waa not eaany 
ledneed. Other o?ena might no doobt be made a little ohaaper in 
conatnietioii ; but the additi<mal ooat of the oven would be well 
letorned by Its superior durability and eoooomj of woildng. 

Mr. II. Hmith enquired >vhat loss of pressnre wa.s found to be 
occasioned iu the blast by its passage through the oven. 

Mr. Marten replied that the loss was very small, amounting to 
only about 4 lb. pi:r square inch from the engine to the tuyeres; if the 
pressure of bleat at the engine were 3^ lbs. per square ineh, it waa 
fonnd to be veij nearly Iba. at the ping hole next the tqyeroa whan 
eareftilly meaioied Ij a hlut indieator. With the oval ovena he had 
fonnd a great aaving in the qnantii^ of blaat leqoired to be aopplied 
from the engine ; the ntmiber of atrokae wae rednoed aa mnoh aa one 
fifth, saving one fifth of the whole blast, e<]uivalent to blowing five 
furnaces with the same engine power as lour. The supply of blast 
reqiiire<l fur fonr furnaces was retluceil from 18,000 or 20,U0U cub. ft. 
per min. to 1 1 ,000 or 15,000 cub. ft. per min., entirely in oanaeq[iunoe 
of the reduction of leakage in the oven* 

Mr. H. 8111TR aaid the loaa of preaanre atated waa much amaller 
than In the ordinary ovena, in whieb he had iireqnentlj fonnd a loaa 
of j lb. per square inch and upwaida, when the preaenre at the engine 
waa abont 4 Iba. 
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Mr. Mauteh said that no leakage conld be detected witJi the oval 
ovens, and tlic loss of pressure was solely that due to tlic friction of 
the pipes : but he had experienced a great loss of pressure amounting 
to Mly I lb. with the oidinAiy orens, beibve adopting the improved 
oval emu, lAaok net biife ftriten firon tiMgrasilMkigeimaYoidAbk 
ia the oidiiUHy ctrm in wn9qpmi» of Hie oo m ^M it itoinuag of the 
foeiket joints of liie aidi esosed hj cxpanflion. 

Ihe CsAiBifAV moved e yote of tiianks, wliioh was pMsed, to 
Mr. Marten for the Tmliiable infermataon he had fomiehed in his paper; 
' and also to Mr. Noilsoii for the verv interestintr aeeount lie had criven 
of the hisioiy of th^ hot blast and his long experience in connexion 
with the subject. 



Xhe ftiUomng Paper was then read : 
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ON THE APrLICATION OF THE 
DECIMAL &YSX£M OF MEASUREMENT 
TO MEOHANIOAL ENGINEEBnira WORK, fro. 



Bt IfB. JOBS FKSLUm, Of Djcbby. 



The suLjoct of a Decimal systom of ^feasurement lias been for some 
time under the cousicleration of the Institution, having been brought 
before the «m"i"»J meeting at Glasgow in 1^56 and at Bfanchester in 
1857 by communications from the last President, Mr. WLitworth, in 
whaoh. the desixvbUity of a imiform dMmiAl ^jBtem of matsmauakt in 
place of flie present meihod of irtegnkr and oomiiHcated fraotional 
divmons was pointed ont, and its important adyantegee shown in 
shnpUoitT- of notation and oonTenienoe for general nse, and aoenraoj 
in consequence of tlie removal of the source of error caused by mixed 
fractions. For the case of mechanical engineering work — the br^di 
of the subject now more particularly under consideration — as well as for 
metal manufacturing purposes generally, a definite plan of taking the 
inch as the standard, divided into 1000 parts, was proposed by Mr. 
Whitworth ; wMoh was nppfoved hy the meeting as the most eligible 
plan for oanTing the system into praetioe, and the Cooneil of the 
Instrtotioii were requested to aet as a oommittee for getting the plan 
developed into working shape, and taking steps to fiwiKtate its being 
brought into practical use. As a step towards this ohject, the decimal 
system of measurement is being carried out in the Proceedings of 
the Institution ; and the writer has now hecn requested, as one 
of the Connoil, to bring the subject forward before the members at 
the present meeting, for a farther discossion and consideration of the 
details oooneetod with the introdnotion of the system into nse in the 
workshop. Having been oooapied some tune in praotioaUj oarrying out 
the deeimal system of measurement, and having had the opportnnity 
of eommeiMing its i^iplioatijon in the looomotire shops of flie Midland 
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Railway at Derby, the writer 1ms become strongly impressed both with 
the practical value and importance of the system for universal shop 
use, and with the complete practicability of its adoption with much 
less real diffiGolly than may appear at fir^t probable, and without 
uiToIving any olgecttonable ohang^: He hae alio found a very 
genanl ngiMmeni, as far as he baa had opportcinily of oolladang 
ofpimoDB on the anbjeet, in the desinlnUty of adopting a deoimal 
sjBkm of Bobdirieion in place of the present inegnlar fhustional 
method ; the difference of opinion being only as to the best mode of 
carrying out tbo system, and the best unit to be adopted. 

The estabUaiiinent of a dectHial si/sion of aiibfiwtsion is certainly 
tiie main point of importance, and the question of the special standard 
to be taken as the unit of measure is of oomparatively secondaij 
importance : the first point to be aimed at being to amd adding the 
difiicnlly of anj new standard, which would totally ishange the present 
measure; but to select one single standard and work entirely by 
de<jmal snbdirisions ; selecting as the standard the measmv most 
eligible for the purpose, as havin*:^ already the greatest universality of 
use combined with greatest convenience for decimal subdivisiuu, and 
consequently involving the least amount of change in introducing the 
new system : proTiding that this measure is not onsnitable from other 
sufficient causes* Mr. Whitworth's proposal of the Inch as this 
standard appears to the writer to have such a preponderance of reasons 
in its fikmr, as to be the on^ one suitable for prsctical^ canying out 
the system at tiie present time; sad in reference to this part of tbe 
subject, it is importsnt to keep in yiew that the oljeet to be aimed 
at is the arrangement of a {)lan suitetl for introducing' the decimal 
system of measurement at once into our sluips for regular universal 
use, and not involving any change so great as to amount in effect to 
a further indefinite postponement of the subject and to risk the loss 
of the object altogether. The surest mode of bringing about the 
change in this oountiy> and apparentiy the only one likely to be 
aivailable, is for the plan proposed to have sudi adfantages as to 
orerwagh the attendant difficulties, and make it the interest of the 
parties who will have to use the new measure to adopt it themselves 
and exert their influence to extend its use. 
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i nqwff t t t efrwipk hemmg oa Una oofBsicbrstion is afforded by 
Ae notnt mat omM attwttpi made to t«taWi«h a ateiuUHrd aamml 
■wMmre of 100 Vbt,, mmed m oautel, lor gnin maA otter ftrtkleB of 
o oB U BWoe, fi>r nUflh » Ingo iwMf of difibreni n mg una , toni^ 
img:iil«r finwIiQiMl cKfisioiii <tf one anoilwry h«fo been Ufliarto uoad 
m clinoroiit parts of this coantry ; this change has been brtm g ht aboni 
by the parties using tlic measures having agreed to it ad advauuigeou* 
to tkemseivefl lu conyenieuce, simplicity, and aocaracy. 

As regards Hkd Eraneh Metre system, whieii has also bean 
piopoMd £ar the pretent puipoae, mod oStn tbe two gmt odrategw 
ot being aheadj a ornnplata deomial lyBiem raa^ matored, sod one 
m txkman naa on ilie oontiiMBl : liowonr dinrablo H waM 
vncbobtedly be to Iwro one onirerial language of maaanra om tfio 
world if practicable, there is this apparently fatal objection, that the 
complete change involved in substituting uu entirely now standard of 
measure in this country, and tlie consequent entire cimnge in the 
pfeamt pxactical data, rules of oakulation, and liabtta of mechanicai 
tbongbt, woold ba an ad^oomiMiii of tba wbote qneation for tha 
autabia adnwtioa of at laaat aBOtber g wa ratio n, era if it ba 
praetioabla at all to aSaet andi a diaogo in dna oomtrjr. It baa alao 
to ba borne ia mind wiiat a latge poctioB of iiie driliaad world already 
iiaea tiie Ba^^iah inoii wHh the EagHali language, in Anariea, 
Australia, he. Also this consideration does not appear to be affected 
by any strong advantage in the Metre as a unit for the purpose, or any 
practical disadvantage in the Inch ; for although the latter is 
Wkdoiibted^ a small dimension, it is already the atendard in regular 
we for a great portion of maohankal anginaniiag work, iaohea alone 
hmog baUtitaUj tued in proftnaoe to feat asad indiea for maiij 
putpoaea, aa for cylinder dtametera and aaolional areas Ao., aa aa 
in oaMatiotta of at«aot presattio, atnagUi of leeliaBB, te» Evan m 
tlia oaae of ibe larger diineiMioiia, aa in bridge girders &c., it may be 
noticed that no more figures are required in most cases to give the 
dimensions in inches than in feet and inches ; and indeed up to 
80 feet, one ligufe less is required with incheti ibr some of the 
dimenaiona : thus 959 ina. wilb three figorea equala 79 fL 11 ina. wHb 
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loiiir figures. In the ease of melres, the gmallmt dfaBenfkm of line 

measure, namely tlie milliiaetrc or thousaudtli jmrt of a metro, which 
has to be in constant use, requires tliree places ot'decimaU, "OOl metre ; 
but the corr^poadijig smallest dimension of Hue measure in inches 
takes onlj two plaoM of decimals, '01 iiidii ; an advantage of important 
both ftr flgnriog working dnwings and Ibfr rmcliikg the workmin. 
Alio thomilluneire biing '04 inbh or l-Sftth mdi nosHy is not quite 
fine enough for the purpoee, being 1-M larger then l-3Snd Inch or 
•03 inch nearly which is frequently used in practice, and oonseqtientlj 
requiring hali millimetres orteuths of milliuietres to be used occasionally. 

Tlic accoTnpanying diagram Fig. 7, Plate 2r», f^hovvs to the natural 
size the two decimal scales of the inch and the metre as al>ove referred 
to : one tenth of a metre is shown divided into thoosendthe of a 
metre or miUunetrea ; and the inch scale is divided into tenths and 
half tenths, each of the snbdiTiaions being inch (5-100tfa8 of an 
mdi)» and the ftrst tenth is divided into hnndiedths. 

Thm as regards the means of verifying the standard, the metre 
appears at first to have a superiority in U/nii^ a more definite 
dimension, being originally fixed as the 1-10. <><)<>. nuoth part of a 
quadrant of the earth's circumfercuce from the equator to the pole, a 
distance measuring altogether about 6000 miles i whilst the inch is 
derived from the length of a pendohnn beating seoonds in a vaoonm at 
the level of the sea in tihe lathode of London, the length of whieh is 
not an esaot aanber of indies, but 39*14 inehes, or more accaratelf 
89*18999 inehes, say 89 Inehes and 189S90 nnlHonth parts. This 
superiority in the metre is however rather nominal timn real, for the 
process of verifying the measure of the standard in om of approx- 
imation which can be curied only to within a certain number of places 
of deoimaU in either case ; and in addition it appears from subsequent 
more accnrate measorement that the standard metre really differs by 
the oorreotioa of a small decimal firom the exact l-10,000,0(NHh of 
die quadrant, owing to a slight inaccuracy in the original measorement. 
It may be remarked as a rather sbgnlar droomstance that the present 
parliamentary standard of English measure, the yard, is fixed at 
80 inches, of >v]iich the second's pendulum is r)l.>'13y29 inches; so 
that in efi'ect the inch is the present legal standard. 

a 
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JhB gMiartI ftnll; srm«d at u tben that the /imxA » tbe moit 
tmtftble as ilia unit of memve for aecibaakd onginoermg irork| 
inchidiiig a wide mge of msniifiMiartag work gpeneraUj: and in 

order to enable a detinitc step to be ejSecteil it appears Btrougly 
adrisable to make a start <^ n th;tt basis as snfficientl? complete for the 
purpose ; without cncumbenug the questicm with eoiisideratioiis as to 
probable farther ateps in the direction of decimal mnitiples of the 
. inch for higher moawree, (auoh as a 10 inch foot, or a 100 inoli 
meacnre^ ivhiok Is near tiie dimension of the presoii 10 fool rod 
foldnig in two kagiba, ocdinanljr need in bnilder'a neasaiemttit,) aa 
lUb would be premaiore in the present instance, and lead only to 
ftnrther postponement of the whole question, from the farther practical 
difficulties to be eucouutered. 

An important step has already been effected in the course of 
establishing the i^fatem, faj the Decimal Wire-gange which Mr. 
Whitworth has eompletelj carried oni$ faj means of which the smaller 
siaes ol work csn be aaoaiatelj reprodooed at any tune^ in conseqnenoe 
of the Noa. of the deohnsl wire-gaoga being definita dimenaions, 
ibnning one single series, as oooTenient for nse as the old eooaplieated 
system, and avoiding the confusion of several distinct Nos. being^ used 
to represent the same size, ami the uncertainty as to the rxm i value 
of each size in cases of reproducing Avork or of difter»;iice between 
gauges. No alteration is made in the siscfl ordinaiily aaed, their 
Bsmes only being changed to one nniform series representing the 
exact yalne of each in thousandths of an inch. As an exsn^le the 
Memmg five gsngea in oidinaiy nse all represent the same siae 

Ha. 10 OfdtBsty or Birmingham Wira-gauge. 
Ko. 62 LancaMa WiM^fiacSi 
Ho. 13 IfeCid or P l ate- g aoie. 
No. 18 Haste Whe^uge. 
So. S UNdb Wlre-gaqge. 

and there is snbslitated in place of all these different Nos. 

No. 86 Beolnui] Wire-gauge, 

the dimension being ;5G-100()ths of an inch. 

This is an inijiortant point a{Tompli>lRMl, aiul has now been 
completely carried out by Mr. Whitworth, who has been also extending 
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the set of standard plugs and gauges made l)y means of liis extremely 
accnrnto measuring machine ; and has now got a conijdete seri<'s from 
1-lOUUth iucii up to 6 indies, rising by successive steps of 1-iOOOlh 
inch at flni, with increasing iuten'als as the sizes inorease, so as to 
include ewery sise reqiared in work, of anjr of whioh exact dnplioetee 
•re VMdllf flii{q^ed ; eo iliat, for ell woik of ooniect meManoMnt or 
mflMoreaieBi hj toncb, there is now the meani of ohtwaung s etiadaid 
meMore to ihe faigheet degree of eocaracy appreeuble. 

Since a complete set of these gauges would bo out of the reach 
of shops generally, and only a few leadincr standard sizes in mo.st 
general use can be kept, du re becomes rcipusite, as the next step in 
carrying the decimal system into ufio in the workshop, a meana of 
wiftMing the workman to measure the Intermediate fiiee with corres* 
fMnAinQ aceoiMj, that is with a degree of eeenncj correqKHuUng to 
tiM Mcnraqf with whidi he is able to execate the work. Now with the 
{Nreeent improved slgrie of toob end woik, the diffineMO of l-100(Hh 
of en inch u diatinetly Mt end appreciated hy a good workman in 
regular mechanical work, such as the clearance in steel pins working 
in steel eyes, fitting wheels on axles, boring gnn-barrek, &c. ; and in 
wire-drawing there are six sizes made smaller than '004 inch or the 
old Ko. 36 Birmingham wire-gauge, whioh must therefore differ by 
kes then 1-lOOOth of an indk from one another. It foUowa then tiiat 
means of oontaot measnzement or gaqging is leqiiired for eedi 
1.1000th of ea inch op to the largest else emplojed,, in order to 
euij out the ifstem completely. The first step for aoeomplishiog this 
is to obtain some mechanical arrangnnent for accurately multiplying 
or magnifying the dimension, so as to get the 1-lOOOth of an inch 
represented by a sj)ace plainly visible and readily counted, say lUO 
times magnified makii^ it thus 1-lOth of an inch. 

Several ingenious pleas have been devised for this purpose, on 
differont principles for ohtaining the required multiplication: the 
simplest form hj a sliding wedge, in whidi the Umgitadinsl motion is 
eqnal to the transverse motion magnified in the proportion of the 
length to (he height of the wedge ; as in the aecompaujiug model 
tjhown at a former meeting by Mr. Itamsbottum, in which a longitu- 
dinal motion of 10 inches gives a transverse motion of 1 inch, or 
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1-lUOOtU oi au iiicli is represexktod bj l-IUUth ui au mdii, beiug 
magnified 10 timM. 

Ihe flpiral meMnriiig mttnmMiit dunm, mftde bj Kr. Juaec 
Oodcv of Lhwpoolt u an ingouoos czampto of tlio MOM pnaoipK 
IB wUoh the vadge is btnt vouidiiilo • ttvbto fonniiig a sinnJ of aiboiii 
10 iaolMt length of dveoiiiftreiioe ; and one rerdliilion of iho eteol 
spiral, or a longitadinal motion of lOincheB, grm a transvwnM motioii 
of 4 iiH'li or the pitch of the si>irul, thus multij)l) iiiju,' the motion 40 
times, ami magiiifving' each 1-luUUtli of an inch into -04 or 4-lOUilis 
of au inck or a little less than half 1-lOtb of au inch. The successive 
I inobes are obteined by drawing back the abntment or back oontre 
■nooBiaiTelf bj a nieliet of onctly i mck pitdi, thm giving tlMmMiu 
of moMringap to S indiM* TU« iiistniBient liM ben iii ngolir w 
ftnr wmM montba in tiio koomotiro worksbops st Deibj. 

From lii!< experience oi Llie working of thijj instrument^ the writer 
has been led to desire an instrument capable of taking- in larger 
dimensions, and more permanently correct by avoiding any source of 
error arinng fironi irear in the working parts. The principle of Mr. 
WbitwoKth*8 meaaoiing maehimi t^ypean to bim after trying aereral 
plana to be the beet suited for tbia pmpoae ; and tiia maebine sow 
esbibited is made on that principle. It oonsbta of a ywj strong oast 
iion bed, with a V groore planed oat along the top enrfttoe; at eaeh end 
wrought iron straps are attached. At one end a bar of steel 1 inch 
square is gras]>ed bv one of the f?traits, go that measuring may be 
performed, but if any undue pressure were {uit on it wonlH be moved 
hack Dvithout straining the machine. At the other end of the bed 
another square steel bar is auide to slide steadily through the str^) ; 
the o«iter end of this bar has a sem of 10 threads to the inch chased 
on it, and a doable nut and hand iriiecl 10 inches diameter woilcs it 
ont and in, having rather more than 1 inch longitudinal movement ; 
the wheel is 2 inebes wide on the edge, and a spiral line is drawn upon 
its circumference, upon Mhich the divisions arc afterwards marked. 
tShort bars of steel 1 incli s(|uare, but reduced at the ends to ^ i"ch 
diameter, bearing in the groove of the bed the same as the pieoes 
abeadgr desoiibed, are used to fiU up the machine. 
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^le firet thing now reqmred is to get a standsNl uidi, and lumng 

put it in the groove of the machine the gravity piece is placed up to it, 
end thof rest of the machine thi»n filled np with pieces of stool, or the 
bttck centre brought up ; tlie screw is thou advaucod until the gravity 
piece will only just fall, and this point ia marked by the index on the 
first spiral of the dividing wheel ; and then remo>nng the inch standard 
the wheel ia tarned until the gfayilj piece is brought fonmd through 
the 8paee left» bong an exact ineh, and wOl again only just ftll, and 
this place is madrad hj the index on the laet epixnl of the divtding 
wheel The whole distance between the first and last marics upon ihB 
spiral line has thou to bo «livi<lo«l iuto li)0 equal parts aud onch of 
these divisions atrain into li> : aud a maohine is thou obtained vvliich 
will measure correctly UUl inch. As each UUl or 1-lOOOth of an 
inch measured is equal to 3 or S-lOths of an inch on the wheel, this 
might be again subdivided to work to '0002 or l-5000th of an inob. 
Una maohine is made for working to all the otdinaiy siaee need in a 
loocmotiTe shop, and will take in from VI inches doirawaids ; and aU 
dimensions for the different parts of the engines are being made from 
it with the inch standard now shown, the other bars being made from 
the inch staiuiaid : first another inch piece is made, then a two inch 
piece, and so on till tiio required number of pieces are made. 

In order to make the system still more complete for railway work, 
a machine to measore np to 100 inches wonld be of great use ; not so 
much deliea^y of wmkmanship wonld be required, and 1-lOOth of an 
inch wonld be almost fine enough for this machine ; the serew might 
be made with 5 threads to the inch and travene 6 or 10 inches : thero 
wonld then be a perfect gauge for keeping to one oorreet sise ahnost 
overy piece of work lu a h)oonu)livc on^nc. Gauges oould be made 
for the oxaot length of the axlos, tin* ili?«tanc^ over and between the 
journals ; so that all might bo made with great exaclueii^ aud tested at 
any time ns to accuracy. But the importance of such a gange would 
be most Mt in the wheel department ; with auch a maohine eveiy 
wheel might be turned to exaetly the same diameter, and instead of 
the present plan of allowing a fidl l-8th or baro 8-16ths for shiinfcngu, 
a oerlain amount in proportion to the eirenmfetenoe c£ the tyre and 
within 1-lOOth of an inch of what is rsaUy required mi{^ be gi*«i 



Digrtized by Google 



118 inonUL MBAtUBSMXNT. I 

wHb % degree of oettaii rt jy fdueh mid not be itfoiaed by anj oUier ^ 

method. 

« 

As tt first start then the writer considers it iudispensable that a ' 
mtMariiig machiiiie ■houkl be made, from which dimensions can be 
taken at any time and at any time these dimeweiona Terified ; taking 
the inch ee • etandard all the other perta mvat be nmltiplee or <>*a!"Tff< 
diTuioDs of it* The ecrew for the finer dividoDs should be as fine as 
possible, oouistent irith standing ordinary work ; and the nut dhoold 
be in two pieces so as to be let together at any time to compensate for 
wear: the machine shouki take in at loa^^t 10 incheg. It sliouM be 
nndcr tlic cliargo of one iinui, wlio would give all dimensions an<i .^ce 
that it was carefully used and locked up when out of use ; and as a 
first st^ all workmen's rules should be tested by it, after which 
dimensions for different parts of the engines might be gi?eQ. As sn 
instance, the pins and links for the vahr» motions of looomotif« 
engines nftsr being tamed and bored are casehardened, after irUch -I 
they are ground into their places : in caaehaTdemng there is nsnally i 
ail cxpuiisiou uf the pin and a coniractioii of the hole in the link end ; j 
by the «se of the mensuring nuichine this can lie carefully measured, \ 
and on a 1| inch pin it amounts to '002 inch expansion, and in the j 
hole the contraction amounts to nearly the same ; so that now the i 
workman when he wishes to make a pin 1| inoh diameter tarns it *00S | 
indi less and bores the hole *00S inch laiger, and the grinding in is \ 
oonseqaeutly broagfat to n mlnimom: the quantify of dearanoe [ 
reqniied being also -(K^ inoh, the pin requires only -001 or 1-lOOOth 
inch ground off it, and the hole is lapped out to the same extent to 
give the proper amount of play. Also with the bosses where levers 
are keyed on, and t s])eeially the axles and centres of railway wheels : 
these are at present carefully turned in templates allowing a certain « • 

amount of cxce5;<! in the axle so that the wheel may press tightly on ' 
it; bat in addition to this qoantify being it may be said empirical,^ 
there is no wsj of eorreeting the wear and tear on these templates \ 
and sinoe the wear is oonsiderable^ a variation in dimeosiotts arises 
whidi is fiir from desurable in a large rolling stock. The adTsntage of 
woridng to such an amount of accuracy would soon be felt in the 
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TOlnifaop : everything would go i/kio itg place ifith the mat ■movni 
of deuvDoe or the exact clegree of tightnees required ; there would 
then be no need of tlu; file to case a ho&s tliat was too tiirlit, or of till 
liners or eeutre punch marks for a wheel that was too luo.sc. 

As regards the coarser measurements in the workshop the only 
bhange inTolved will be gappljing new roles for the men in place of 
those now in tiae; theee rales ehoald be 20 or 80 iochea in length and 
jdnted ht oonveuSenoe at erery 10 indieay each inch being divided into 
10 parts, having hetween each of these divislona a small point or 
abort mark l eprc s en t ip g half 1-lOlh inch, as shown in Fig. 7, Plate 
26 ; the workman is tlion soon able with a little ])ractice to subdivide 
tJiis again by eye so as to measure to 2-lOOths or eveu 1-lOOtli of an 
inch : one tenth of an inch upon the brass part of the rule is divided 
into hnndredihs of an inch for the purpose of reference at any time. 
The exchange of rules in this manner is not a new piactioe : the late 
firm of Bodmer of Manchester the writer belieres need alwi|B to soppl j 
inks to an new workmen taken into their employ ; and Mr. Whitworth 
has taken the initiative in this matter by supplying all his men with 
new raks SO in<^es long, hating each indi divided into tenths ; one 
of these rules is laid before, the meeting, and tlieir cost in quantities 
is each. The writer apprehends no dilTicuIty in the men leaniing 
the new system of measurement ; for it is from a complex to a 
coraparatiTely simple system that the change ia to be made, the 
advantsges of which must soon be apparent to eveiy workman ; and 
this condnsicn is borne ont by the experience of several gentlemen who 
have had oeoaston to mannfiMstuie stock for foreign railways, Ibr which 
the dimensioiis were in metree and millimetres, who found no difficulty 
consequent on the introduction of the French metre into the workshop, 
but on the contrary tound that the men got to like the decimal dirisions 
better than the common divisions into eighths, sixteen ths, He. 

The change involved in drawings is but a small affair. Instead of 
fignring the ditn*n««Mia ts at present in ftet and inches and fractions 
of an flMdi, inches and decimals only have to be put down; and this to 
csdinaiy engine drsanngs will be a great improvement cn the prssent 
plan, as well as a gain in couseqnence of fewer figures being required 
up to a certain dimension, as has already bsen shown. It viU also 
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pvmnt nustaket wtaeh the writer liu met with in retdug off diaMn« 

rions, {rom woilcmfiB imstakmg , eucli nnmben m 2 ft. 1} in. for 

21 i ins., whereas it would be impossible to misunderstand 25*5 ins. 
Wlien the size of the paper will admit, drawings made on a scale of 
1-lOth or l-5th of the full dimensions would be more convenient than 
thoie ftt present made to a scale of 1 inok ot 1} inch to tlie foot or 
i&doed any odd scale ; but the preaent me of drawings figured in feet 
and mdua would be no barrier to the iatrodoGtioii of the deeimal 
plan; or even if the scale of 1) inoh to the iboi or l-8th foil aiae 
were preferred for oonvesieDee of eiae, all that woold be required 
would be to figure all dimoigions on new drawings in inches and 
decimals. 

Tlie writer has now touched upon &U the various details in the 
iq^eation of decimal measurement, as thqr have been brought under 
Ida netioe in praoticaUy introducing the iijstem. A great deal has 
been already done by Mr. Whitworth; bnt the praetioal adoptum of tibe 
eyatem througlMmt the worhahope of Great Britain^ and it may be 
added of Ameriea, reeti with aueh men ae the mechanical engineers, 
whose dcciiiion will be far more useful than an act of parliament. The 
advantages of other applicuti"»ns of the decimal system, whether in 
monetary matters or in weights and measures, lia\e long had the 
approval of (he intelligent claseea of the community ; and it only requires 
the acttre co-operation of the members of this Insfcitntion and their 
friends to accomplish for the medbanical engineers and manufactorera 
of Orsat Britain what haa been so snceessfuUy done by the oomrnereial 
men of Liverpool and Hull in their adoption of tiie cental of 100 Ibe. 
instead of the clumsy bushel of different weights in different loealities. 
It will be observed that throughout tliis })aper the ^vriter haa kept 
entirely elear of a (juestion which may be introduced into the discussion, 
but which does not strictly belong to mechanicatd engineers : namdy 
how to proceed with the measurement of land with the present 
chains and links, square feet» square yards, poles, roods, and scree. 
The writer is not prepsred to enter upon this qiiestion at present ; but 
he thinks there will scarce^ be any who do not condemn the preeeni 
system of land measoremsnt as inconvenient and cumbersome. But 
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hovrever dosifftble H woold be to have a lyBteiii of meMareniBiit 

(mpable of tftking in all Tneaminw required, this oonid be accomplisbed 

only by act of parliament; and a glance at the muuuci in wlach 
parliaiuent has dealt with th<" ])uuml ami mil Bchcjne, the most feasible 
plan for introducing the decimal system into the currency, i" enough 
to show that the question would then be postponed for a lifetime at 
least. IWiag aatitfied that (he inoh is beat suited for the dedmal 
sjitem of measnrBy ihat its decimal sabdividoii tends to sfanpli^ 
rather tha& oomi^ioate the p i es o ttt method, and that the introdnetioii 
of this decimal system of measare will ha prodoetiTe of important 
advantages while involving no objectionable changes, the writer con- 
fidently trusts that its general adoption iu the drawing office and the 
workfihop will soon be carried out. 



Ihe Okaouiav exhilnted his measuring machine for measming 
lengths or tiueknessss to the miOiontli of an ineh, and ahowed its 
aetion. The principle of the machine is simply to oompare tite end 

measure of a bar or other piece wiili a corresponding standard bar 
of known length, and to ascortaiu their exact difference of length ; ^ 
the new piece is first made slightly too long, aud then gradually 
brought to the exact length of the standard by successive prooessea 
of shortening and remeasvrement. The principle is the same as 
that of mcasnring hj ordinary callipers for end or outside mcasitre- 
mokt, only that in the latter process the aceoracy of measurement 
is limited hf vneertanily and irr^gdarily in ilie tightness of 
ilt of the ealHperB upon each of the two pieoes soeeessively ganged 
by them, causiiig a variation in the measure ohtained on account 
of the elasticity of the instniment allowing it to yield to a variable 
extent with the variable pressure of contact. In Mr. Whitworth's 
machino this pressure of contact between the measuring callipers 
and the ends of the piece to be ganged is exactly regulated to 
ik» same amoont in eveiy ease, by causing a smaU parallel steel 
plate, called the gromig piie$f to be h^d sospended betireen the 
ttiosiirfiiess by this p i e ss nr sof eontact; the snrfooes being in eacb case 

T 
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gmhuHj bnmgiil teg«llMr by a fine nneioinoter 8ersw» mttik the hat 
of the gmity pleoe beoomliig sogpended Mireea tiieia uisImmI of 
fidliDg freely mtA» thai Uie ezwl limit has bean obtuned. 

The maehine is shown in Fig«. 1 to 4, Plate 24^ one ihird ftill 

size : it cniisists of a rigid cast irou bed A, having two heads like ' 
lathe IkuJ-, fitt^nl with fjlidin? square har«fi B aiul C, each advanced by 
a screw of 2U thruadij per iucii ; the bed has a nght-angled V groove 
between the heads, oorreeponding ezactlj with the square sliding bars ; 
an the snr&oes are made trae pUmes and aoisaiatelj at right angke. 
Iha standafd bar for measnrement B is ako sqaarsy as shmm fbll 
siae in Fig. 10, Plate 26, fittang ezaotlj in ihe V gtwft oftiie bed; 
and the ends of all the bars are rednoed to a drenlar plane trdy at 
right angles to their axis. Jn adjusting the machine the bar B, shown 
nna>vere<l in the plan, Fig. H, is fir^t advanced liy means of the divided 
wheel F fixed npon its screw ami having 250 divisions on its circum- 
ference, each division giving a motion of 1 -5000th of an inch ; and the 
final fine-adinstnient is then given by moving the bar C by means of 
^e seoond-motion wheel O, whioh has also 250 dirisions on ita 
oinsamfBfenee, bat earries a tangent-serew H driving a.wheel of 
200 teeth fixed npon the screw of the bar 0, each division of 
the wheel G eonseqnently giviifg a traTSTse of 1-1 ,000,000th of an 
inch to tlie sliding bar C. llie gravity piece E rests at each end 
npon the projecting edi^^^s of the bed, and is moved vertically 
by tlie linger between the end of the standard bar D and of the 
sliding bar C : it is lifted at one end into the pot^ition shown 
bj the dotted lines in Fig. 4, and at first iaUs freely when 
released; the sliding bar 0 is then gradoallj adranoed fay means 
of its screw imtQ the prossore of oontaet is snflldent to support the 
wmght of the gravity piece, which then hiikmh« suspended between 
the ends of the bars when lifted, still moving freely when touched 
but not being al»le to fall hy its own weight. The exact position 
of the wheel G is then noted, by observing the reading of the 
divisions on its circumference : the standard l)ar D is then removed, 
the bar C heing drawn back by the wheel O. If it be required to 
prodnee a dnplicate of the standard bar D, the proposed dapheate is 
pat into the machine, its ends being «ads tme planes at ri|^t angles 
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to its nxis ; one end of the tluplicatc is placed in contact with the end 
of the bar B, which has remained unmoved since the last meadure- 
ment; the gravity piece E is lifted by the finger and alhiwed to fall 
boiween the other end of the diq»lieate and the end of the bur G. The 
bir 0 ie gisdmUy adTBoeed hj means of the wheel until Ae fall 
of the gravi^ piece is joet amsted ; the leading of the wheel then 
indieatee whether the prc^Kieed duplicate is of exactly tiie same length 
as the standard, and shows the difference to the millionth of an inch. 

The machine was exhibited in action by the Chainaan at the 
close oi' the meeting-, sliowing that an advance of •()(>* mjkI inch 
(l-l)U0U,U00th of an incli) was distinctly indicated by the gravity 
piece becoming snspended instead of falling; and the turning iMck of 
the divided wheel through two divisions^ representing <000003 inoh, 
was then seffioisBi to eanse the gravily piece to drop, sad indnded 
eonseqnenily all the play in the fbnr bearings of the two screws and 
two eoDsn. The Chairman showed also that the fineness of measure- 
ment obtained by the niacliino wa.s sufficient to detect the expansion in 
length of au inch bar eansed by a iiiunif iitaiy touch of the finger, the 
bar then measnring -OOOUUl inch louf^er tlum previously; (the 
expansion of iron being about l-ir)0,()(M)th of its length for each 
degree Fahr., a rise of temperature of l-7th of a degree ezpaads an 
inch hsr l-l,000,000ih of an inch). He stated thai in his larger 
machine far measnring the standard yard, with a bar 86 indues long the 
seme snunmt of ezpansiott was diown by the momeiitury contaot of the 
finger nidi. The finest measnrement reqmred the precantionfl of ft^om 
from dust and moisture in the atmosphere, and from any current uf 
air interfering with nnifoimity of t€mj)eratnre ; and the machine was 
therefore kept in its glass case (hiring tlie time of use, with an o|)ening 
onJ^ sufiBoieat for moving the micrometer wheel and lifting the gravi^ 
piece; by sufficient care in these respects the measure of a space 
corresponding to half a division on the wheel or 1-S,000,000th of an 
inch had been rendered disfinotly perceptible. 

Specimens were exhibited of the Decimsl Wire-gauges made by 
Peter Stnbs of Warrington from Mr. WUtworth's standard 
gangcs, having the new decimal Nos. on one side firom No. 18 to 800, 
meabui'ing 016 to SUO inch, and the oorre&pomling old wire-gauge 
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No8. 26 to 1 on the otlicr side. >:Vlso specimens of tlie Decimal Rules 
iiia<lo l>y Mr. Sauij^son Aston of Bimiingliam from Mr. Whiiwortli's 
Standard 30 iru h steel bar ; 20 inch flat jointed rules correspoudini,^ to 
the orHinary 2 feet workmen's rakst and 30 inch folding rules (2J £a«i) 
divided <m the Una udes. It mM etated that the decimal wira-gmges 
were now r^gnlarly sq^lted hj the maker at 7«. 6<I. eadh ; and the 
decimal rolee at la, to St. eaoh, serenl hmdreda of the 30 indi nlea 
being alreedy In nee. 

A small measurin? instrument of forei^i^n invention was shown, 
made by Mr. AliVcd Knisrht of Birmiuf^ham, in which small dimen- 
sions are indicated to one thousandth of an inch by an index upon a 
graduated arc, the Indication being magnified by means of a rack and 
pinion, with a apiial qning vpon tiie aada of the index to keep the 
teeth of the radc and puiion in imifonn oontaot in the eame direction, 
prenrenting anj enor from play« 

Ifr. J. CeoKOL showed hie decimal meaenring lnatmmeat» for 
measuring small sizes to one thoosandth of an inch, consisting of a 
flat graduated disc, about 3^ inches diameter, the edge of which is 
formed in a spiral shajie with exactly '250 incli pitch of the spiral, 
having a sliding bar as an abutment placed in the plane of the disc 
and just tonchini^' it at the greatest projection of the spiral. The 
dremnferaifle of the dieo is divided into 350 parte, eadi reprssaiting 
*001 inoh ; to obtain any dimendon the disc is turned nrand into the 
proper poeitkm, and the space between the spiral and the ahntment 
givee the dimension required. He showed also a smaller measuring 
instrument on the same princijile, intended as a wire j^an^^e, in which 
a stud is fixed upon a radial arm turning on a pin in the centre uf the 
disc, an<l the retjuired dinn.-nsion is the space between the stud and the 
Spiral edge of the disc at any point. 

He stated that his object in the smaller gauge had been to carry 
out the idea of decimal measure by mesne of a gauge suited Ibr 
measniing small dimeusionB with aoooracy, snd partieulariy far 
measuring wire ; he had been led to it by experiencing so mvch diffi- 
culty in obtaining the ezset sines of wire required, from the want of a 
correct and reliable wire- gauge. He had had the idea of the small 
gauge now bhuwii for many years, and cousidei'ed it had au auvautage 
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in giving all the intermediate dimensions for every thoasandth of an 
inch ; it was also lig-lit i\i\d compact and conld be easily carried in the 
pocket. Tn tlic larger muasuriug iiistrujuent his object was to meet 
th« re^airemfinte of mechanical engiueeriug work geueralljr, and fos 
this pnrpow the size of the spiral disc was increased, to give larger 
gnMiaatiooB for eadi thoasandth of an indi ; by tuining the disc lound 
vuy dimendon was obtained/Qp to -250 inch, and larger eizee were 
measined by meana of the moveable bar forming the abutment, whioh 
was made with notehes at interrak of -250 inch, having a paQ to hold 
it at any retpiired uotoli : by this na aus any dimension up to 2 inches 
could be taken correctly to one thousandth uf an inch. The spiral disc 
was turned back to the zero position by means of a weight, which gave 
A udfonn pressure upon any article inserted in the gauge for measure- 
ment, and prevented risk of the instrnment being strained by hand in 
taking a dimension. This measuring instroment had now been in use 
nearly twelve monfha in some railway shops ; the object was to get • 
simple instroment ioit accurate measorement at sndi moderate cost as 
to allow of its introduction into shops as a calliper gauge. 

Tlie Chairman asked what was the cost of the instrument, and 
whether out* thousandth of an inch was the limit of accuracy to which 
it could be used. 

Mr. J. CooKBB replied that the co^t of the measuiing instrument 
for dimensions np to 2 inchea waa £5, and that of the small pocket 
wire-gange £1 Is. The instnunents at present made measured only 
to l-lOOCUi of an inch, but the sise of the measuring disc conld be 
increased so as to measure to l-10,000th of an inch or even finer if 
required : he o(mtemplated making an instrnment with 1 inch pitch of 
the spiral, to be used for the coarser measurements of the workshop. 

The Chairman observed that in the decimal wire-gauge that lio 
had recommended he had simply taken the sizes of the old irou wire- 
gauge, using all those that were accurately represented by thousandths 
of an inch, and avoiding a change of itxe aises now in regular use. 
All the change he proposed was to call these siiea by a fresh number 
indicatfaig their exact vahie in thiwiaandths of an inch. In order to 
obtain gre«t exactness the decimal wiie-gaugee were made from 
sfeandaid flat gauges, as shown Ibll aiie in Fig. 8, Plnte 26; 
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the two fiMM of ilM gniges man true ptnUel plmt^ «id Im iomi 
thero 1V10 BO diflSenilgr in nuddog these BtandaideoomeGt to l-40,00(Nli 
ot ma. indi by meuu of tlie meMiiring machine, ftom the great 

aeouracy of tlie souse of touch : a separutc gauge was made for each 
liot<'li in lb*' wire-gauge, and a set of these originals he bad supplied 
to Mr. hLai»e> from wliioli tlic deeiuial wire-gauges now shown were 
mndc. TIio standard gauges fur larger dimensions were made in a 
cjlindrical form, from 10 inch up to 0 inches diameter; the smaUeet 
nse *10 indi is ehowa foU suse m Fig, 9^ Pkte 86 : theee wm 
eiaehaidened and got yeiy tni0, and lasted a long time aa 
they pr^«Dted a Ytaj kzge extent of wearing entfroe. He ooniidered 
that for the shop the me of etnidard gauges ma hotter than anj 
measuring machine, on account of the difficulLy uaiiig a vsufficientlj 
delicate instrument in regular shoj) work, and the greater Uability 
there w ould bo to alteration in the gtandarda both of diameter and 
length. 

The method of woiiang by end or oontaet meaanie waa iu aaparior 
toihaiof linemeaaare. The latter waa the plan previonalj lued, and 
waa adopted Ibr datezmuiuig ilie leogtb of the gOTemment standaid 
yard measnro, whidi waa a gmi-metal bar with two tnuurrerae liaea 

upon it 86 indies apart: in order to render minnte differences of 
dimension appreciable to the eje a microscope was fixed over each 
end of the bar, as sliuwu in Figs. 5 and (5, Plate 2.'), adjusted by a 
micrometer screw so as to be exactly over the two transverse lines ; 
the two microscopes were fixed in their position by clampiji^ flcrewii 
and the bar being replaced by a aecond one, the tnnsyene lines on 
the latter oonld be oompaied with the original and the difiarenoa 
m oasu ied and registered bgr the micrometer screw. There was however 
no means of finally coneotuig the podtion of the line, hot it had to be 
left when very nearly correct, and the exact amount ol" en or whether 
in excess or defect tlien registered by means of the micrometer attached 
to the microscoiie. The elTect of the microscopes in this case was simply 
to increase the extent of surlace over which the eye traversed in 
measining the distaaee, so as to render minute dietanoss appradahle 
to the eja; but the extent to which it was found this oonld be canned 
meana of miaroeoopes was TSiy limited and uncertain as conpaied 
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moAon of *000001 inch (l-l,000,000t]i <yf an incb) hi the smm wm 

r represented by nearly '04 iiidi upon the circumference of the dividing 

wheel; so that the machine magrnified 4«),O()0 times, and the qre 
travoi so<1 over 40,000 times the space that was hriiiLr measured. 

liTo practical nae oonld be made of microsoopes ia the workshop ; 
and workmen oonld only set oaUipon to a gauge, and required 

I atandarda of tonoh or and meaania to woik to. With ptaotioe tha 

aenae of touch waa able to dateot ezttemelj minute diffeienoea of lengtb: 
liy holding a parallel pieoa, anoh aa one of the wire-gatige atandaxd 
plugs, between two tme~plane snrfhoei and making tlu m just tench, 
he could tell thougli blindfold if one of them were moved 1 -50,000th 
of an inoli nearer to the other, by tlie difference in the fcelin.t,' of 
tisfbtness between tlie surfares ; and witli tlie nieajjuriiig luacliiiiu now 
filiown a motion of one millionth oT an incb waa distinctly perceptible. 
Mr. Ferxie said they had had Mr. Cooker'a measoiing insfaTiment 

* at the Midland fiailway Wotha for three or four months, and he had 

fiRmd it 80 aervioeahle in Ihe worla^op aa to lead him to desire n meaaur- 
ing machine giving a greater range of dimenriopa and more free from 
aonreee of error. By that instrtmient the woiicmen eonld ealltper 
easily to 1 - 1000th of an inch, orloRF tban lialf the average thickness of 
a human hair ; but a (li^a.lvantage in tlie infitniment was that it pave 
dimensions only up to 2 inches, and required a fresh adjustment of the 
slidiDg bar for each \ inch ; and its accuracy of measurement depended 
on the pall being fitted exaotlj home in eaeh notoh of the moveable 
bar; % little doat in the noteh or % alight pUj in the centre pin of the 
diae woold make a perceptible error, the thiekneaa of a hair amoimting 
to more than two dinaioiia on the scale. Alter conaideiing aereral 
plans for the purpose he was satisfied that the only plan suitable for 
giiiiig ihc required accuracy was iVfr. Wliitwortb's beautiful arrange- 
ment of a mieronieter screw anvl a gravity piece, as seen in 
Mr. Whitworth's delicate ma^^ing* now nliown; that machine waB 
made with a perfect seraw, lumng exactly 20 threads to the inch, each 
turn giring an adranoa of exactly 1-SOth of an inch : but there was 
groat diiSoidty in making • perfect aerew, andhefonnditimpnwtioafale 
with the means at hiadiapoaal to g«tmet]y 10 tiireada per inch; and 
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4o obrittto this cBflfeuHgr he made » terew wiUi m near to 10 tiMMb 
per inch as his IsAe mmw would ^re^ and ibm drew a spind liiie on 

the circumfercnoe of tlie iiulox v. Ik oI, the exact length corresponding 
to a trarrrst? ol 1 inch beiii.c; correctly marked by trial, by tlie insertion 
of one of Mr. Whitworth's 8taudard inch gauges in tlio maohiue, which 
might without inconvenience have a HUla more or a UttJb lees than 
10 tonie length of the spiral. 

Xn tiie maefaiiie he had mm eooetmeled on tlie plan of 
Kr. Wbitwortih*B his oljeol had not been to^n&eaenre eveKy pna or 
etiber piece of woik with the maohiiie, hut to make etandard gauges fbr 
sH woiHk where fitting was required, and to have the means of readilj 
verifyins:,' these gauges i'roin Liiiu^ to time ; the laacliine would be kept i 
locked up ill the elmrgo of one man "Nvhose bufilness would be to make ; 
the gi^uges required, and it was large enough to take in anj eiae op to ^ 
18 inches. I 

Ifr. U* Bbowv enqmred whether then waa any pUj in the aorew, 
and how it was pienre&ted from mtetliniiig with the aoenraesf of 
HMMMnrement of the macifame. 

Mr. Funs replied that die mit after heiog fitted as truly ae 
possible upon the screw was then cot into two lengtlis, according to 
the mode Mr. Whitworth had contriveil in his measuring machine and 
also in the taugent screws of his large toolr^; and tliese two poriioiiS 
were let together slightly, shortening the nut upon the scr^w to that 
eztesnt and eansh^ it to grip the threads of the screw in both diieo- 
tioni : this prevaated the shghtest plej and ahw allowed the meani of 
t^tanmg it up again at any time to eompeneate fbf wear. 

Hr. H. ILunMiiAT obserred thai in those mannfactores where i 
many mnltqiles of the same parte were made a systm of aeonrate 
measurement would certainly be of great sen ice ; as in the case of the | 
large gun factory at Enfield, where each portion of the woj Iv v as ma*le i 
fay thousands and with a surprising degree of accuracy. He had 
recently seen a rifle put tegetlwr in 2^ minuteai the pieces of which 
had never been brooglit together before, hot were taken by chance 
from tiie lots made of eadi kind* The abaohita gangea of sine were 
eeaential Ibr soch wwk ; hot in other oasea, as in the regular woik of 
a steam engOM fretoiy where few repetitions of the same parts oocorred 
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•Bd tliej had to ciiaoge soddenly firam periitps a 500 to a 20 hoise 
poww aigine, lie did not tee tiiat ^ introdiietloii of the sjiiam would 
bo of io mneh edraatage. He was quite of ^pudon however that llie 
plan of deonnal Tneaeiiremeiit ekonld he adopted generally, aa a ejitem 

of greater couvenionce and acruracy. 

Tlic CuAUiMAN remarked that in reference to fMitrines and 
machinery of different Bizes he did not think the advantage of exact 
measiiremeiit was leas ia praotioe than in the case of a great repetition 
of the eame artiolee ; for whether an engine were of 500 or 20 hoTM 
power an inoh and its enhdiTisiiHie were tlie same in bollix and tiie 
eame degree of aeenracj wee reqnixed in both, sinoe liie beet and moet 
ealie&etory work was that where the individual parte were aoeorately 
made independently by means of gauges, without requiring to be fitted 
to one another. The brsi laakerR of cotton machinery now made the 
Hjiuuiles and other working parts \>y standard gauges alone, and 
produced the exact fit rt>quired in the parts separately, without fitting 
theni to one another before they were finally put together : and the 
same plan oogkt he considered to be adopted in all engineering and 
maehme ehope, as tiie most eeonomieal at well as moet perfbct mode of 
ecKeeating the work. 

Mr. O. MiinwwAif asked Ihe Chidrman whether he tJKmght tiieie 
was any probability of government autborisinfir a £,tan hn I of end- 
nieasnre in yilace of the present nnsutiffnctory line-measure, which was 
useless for ail mechanical purposes. It was very de&irable that a uai- 
Tsrsal standard of measure should be woriEed to throughout the oountry : 
for example, it was important that masons and carpenters should 
work to the same standard as medianics in the eiecftion of bdldings 
in ifHiioh maehineij was to be fixed ; for if a length of shafting were 
given in indiee and the brioUayere worked in feet there would be a 
disadvantage. The question of the actual standard lie tlunight was of 
less importance, provided the same standard was agi'eed to tiniversally, 
for the workmen soon became accustomed to a new standard ; he had 
had iKveral years' experience in France in the use of the metre by 
English workmen, and fomid thai ihcj fell into the use of it in a few 
weeks, and deddedlj p r e farred the decimal sjstem of eobdimlon ; 
great trouble and risk of iftietakss were csnaed by the nee of SSnds 

u 
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and 64thB in adding up a mimber of dimensions, which were entirely 
«?0id0d bj tlie decimal tysUm. Mr. Whitfwortli had certainly 
mderad greet eemoe to ibe profiseaioB bj what he had done in 
pronotiBg ilie deeimal tyvteuk of iiMaaiireiiMB.t) aad be hoped he would 
persevere irith it imtil it beoam'e as imhmaallj adopted aa hia ayetem 
of standard threads for Bcrews had already become. 

The CnATRMAV said that evideuco was given by tho Astronomer 
Royal ami hiiiiHcli before a select committee of the iiuuse of Lords iu 
ld66y wiUi respect to the c<Huparative accuracy of line and end- 
measure for ensnring a permanent national standard of length. He 
himself waa desiroaa that the old ataadaid line-meaaore ehovhi be 
leplaoedbjaaead-meaaiife; £w in line-measoie the limit of aooaiacy 
that ooold be ittaiQed by the nae of mioroacopea if«a praelioaUy only 
1-I0,000thof anlAfih. 

An objectiou then urged against the plan of end-measure was that 
its accuracy depended upon the ends ol the bar being truly at ri«rbt 
angles to its axis, so as to ensure the same measurement at every 
point of the ends ; but this difficulty was completely mot bj the mode 
he had adopted for their oonstraotioii, uliioh was aimply an adaptation 
of the ptindple of the tme-plane that formed the basis of all aoenracty 
in mechanioal mtk. The bar waa Imd in a grooved bed eonaifltiag of 
two tnu-plaiies, as shown in the diagnon Figs. 11 and 12, Fbte $6, 
with the ends of tiie bar and of ihe bed also true-planes, and approxi- 
mately at right angles to the longitu<]inal axis ; a trial plane was then 
applied to their ends as shown by the dotted lines I in Fig. 11, being 
aligfatlj mbbed to mark the points of contact, and the ends were then 
vednoed to a eommon trao-plane by the ordinary pfooeoa ofscrnmur. 
The bar waa tiien tmed over, and the aave prooess repeatsdf taking the 
oomolion half off the Old of the bar and half off the end of the bed ; 
and bj yo fl o oo aft ve xepetitioos of this prooess, with the bar resting on 
each of its font sides alternately, the ends of both the bar and the 
bed were brought to a true plane at right angles to the axis of the bar, 
so that the trial plane was in contact over the entire suriaoe of both} in 
whatever position the bar was placed. 

A seoond objection mged against an end-measure standard WM 
that it was exposed to alteration firom the wnw of the wk by m: 
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hoi ibe fom ol this dbjeotioii disiqEvpesrad irhea it wtB Qoiiaid«recl thai 
diq>UMta oopitf of ihe cfigiiuU standird oonld be si^plied ia any 
quantity, and the oQginal standaid iiwlf wmM be onlj nuralj need Ibar 
verifying the copies employed for refemiee. For the original atandatd, 
liard jewelled cuds were proposed to lie employed. 

He further urged upon the coinniittee at the same time to recog- 
nise aUo a stimdard inch and foot, and to recomuicnii government to 
bave standards of tlieee lengtbe anpplied to the manufacturing towns 
tbfoiigboat the oonatry : tiiera was aetaaUty no antbociaed legal atandaid 
now naed ezeept lor dn^ers' maaanie. A etandatd inob and foot 4i£ 
end^nMaaore were finally ie($oniDMnded; bat the original ataadard yaid 
of Une-neasttre waa stOI adbered to, and antboriaed eopwi of tbe 
end-measure standards had as yet been only partially supplie<l. Correct 
standards could be tmly obtained only by end-measure ; and he had 
stated that, if government would determine to carry out the system of 
end-meaame, he was ready to make tbe country a present of his two 
Bwaanring Huusbinea, tbe ineb macMne now exhibited and tbe laiger 
maebme wblcib eitended to 40 inobes m lengib. 

As to tbe qneation of gomnment fixing mj nnirersal nnit ol 
meaaore by act of parliament, be tboogbt tiiat waa not aiaU likely, and 
would not be the correct course of proceeding ; this should be initiated 
by those using the nn usure, and he thonsrht that if mechanical engineers 
and manufacturers decimalised the inch and worked to it as the unit of 
measure, adopting tbia universally for ail their dimensions, they eonkl 
then nige upon goremment for geneial nae tbat wbiob tbeir ezperienee 
bad proved to be tbe beat. 

Ur. M. fiuTH tboqgbt tbe deoiraal wure*gaiige I ntoo d nced bj 
Mr. Wbhwortb woold be of gfieat advantage in tbe mannfoetore of 
wire, as eacb No. of the ^au^'c denoted the actual dimension in 
thousandths of an inch, so thai Luere could be no doubt as to the sizes 
designated by tbe Nos. At present there wa.s no standard of apjieal, 
and the various wire-gauges differed conaiderably, both from wear and 
irregularity in manufacture, so that a sample of tbe siae jwqnind bad 
to be aent to enanre obtaining tbe ri^it aize, wbenerer aeenraify waa 
naaaaaaiy; andbeaboddtbereforebeyflijgladtoadoptMr.'Wbitwortb'a 
deoimal wire-gauge, in order to bave a oorreot and rdiable gauge to 



Digrtized by Google 



I 



ld2 DBOniAL XBASUBBKnr. 

seeoie aocnnM^ of woAatKoahip. A prMstioal diffioiiUj In dnwing 
wiie liad to be leoogniaed, ftrinng from tlie diM mmng io npicQy 
tibftt lite eise of the wife Taiied in drawing a gingle lot, wlueh mede » 

certain margin of allowance re(|uisitc in tlie ei/o of a (quantity of wire ; 
bnt there would still be the great advantage of having a standard 
gauge in whicl^ each of the sizes was of a definite measure and <KHild 
be exactly verified at any time. ' 

Mr. I. Smith ftdlj concarred in the value of Mi. Whitworth*s 
deoimal wire-gauge, gimg the eonect dimennoiis without dianoe of 
enor. In ihe mannfactnre of split ringi gnat aoeaiacy of use wai 
reqnieite for the purpose of exaoHy filling the dies ; and he had 
experienced mnch trouble from having no means of recording the exact 
81268 of wire used, except by kcM»ping a b.unjtle of each si^^e: he used 
wire from ♦300 incli down to -004 inch diameter, and liad consequently 
a large oolleciion of samples, some a great many years old, preserved 
with as much caie as poemble. He oonid never find any wire drawer 
who oould draw woik to the eouot sirai required without having a ^ 
sample sent of the sise ; and this OHiaed great additional irouUe snd 
fnoonvenienoe. Duplicates of the standard plugs from which the | 
decimal wire-gauge was made would be of great service in the trade, 
as ft means of verifyinc: at any time the gauges in nse aiul sletocting 
any variation pi«»dnco<l by wear; many of the gauges now made were 
not so accurate as was desirable, and the standard plugs would give 
the means of securing the amount of accuracy required. 

The CaAiBiujr sailb he was ananging for the wspffy ahati^ of 
eopiss of S&7 particular size of standard lior the wire-gauge that 
QQgfat be required hy manuliMsturerB* He "proposed a Tote of lhanlni 
to Mr. Fernie for his paper, which was passed ; and observed that they 
were much indebted to him for what he had done in bringing the 
decimal system of measurement into ]»ractical application in the 
workshop ; and he was confident that this system of measurement 
only required to be well discussed and practically tri^ to lead to its 
general adoption* 

The MSsetbg then tennin&tsd. 
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Ihe AmrvAL PRovnroiAL Meitiko of the Hemben was held in the 
CH^il Comi, Town Hall, Leeds, on Taeeday, 6ih September, 1859, at 

half-past ten o'clock ; Jons Pknn, Esq., President, in the Chair. 
The Minutes of the last General Meeting were read aud couhrmed. 



The foUowiug Paper was then read 
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B¥ Ms. THOMAiS O HE EN WOOD, OF Lebdb. 



It i.s a renifirkablo circuuistauee that whilst almost every iimnnal 
ojjoration in our various manufactarcs has been either siiperseileti ur 
very mateiially assisteU by the iutrodiictiou of machinerj, the operatiou 
of cutting files is stiU done by hand, and has hitherto been generally 
conaiderad (o be one not admittiDg of the spplication of mechineiy. 
Sevetal yerj ingenioiiB nutdimes for the paipoee hsye ilieedj been 
tried, both in this eountty and in America, Init hitherto irithoat anj 
marked snooeas. Large enma hare also been apent hj eome of the 
loading makers of SiielVu'kl iu attempting to iutroilueo lilo-ciitting 
machines; but tlie dilliculty of the o{»eratiou real or imaginary lias 
been oae cause of failure, and another cause has been the very deter- 
nuned opposition on the part of the operatires to the introduction of 
machineiy into any part of the Tariova opeiationa of file making : 
indeed so jealonsly do the file catters gimnl the art and mystery of 
their eraft, thftt they do not teach their apprentices how to grind their 
cutting chisel until they have attained the last year of thefar legal 
apprenticeship. The manufacture of files has been kept stationary, I 
instead of advancing and improving like other manufactures, from the 
mistaken belief on the part of the men that by resisting the introduc- 
tion of machinery thej are preserving their employment. As a further 
iUnatration of this mistake it may be mentioned that the tariff of prices 
for foiging filea now followed is founded npon tiie aopposition that no 
Impforement has been made in rolling steel in modem times, and thai ^ 
the bars are sapplied in the same mde form which was prevalent* 
50 years ago, tlius ignoring the bcautifid impruvemcnt which 1ms been 
made in rolling steel ; so that the forgers charge the same price for 
simply drawing down the tang upon a square or round bar of steel for 
a parallel or equalling file that they do for the entire foi^jjing of a half- 
ronnd taper file blank of the same lei^gth. 
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Operatioiis nxuck more difficult than enttiug iileu have been per- 
formed by machmeiy in yancm mamifactares ; amongst which may be 
named, m IkATing taken its rise in this district, the oomhing of wool, 
in wliidi by the manipalAtion of the machine itself the long fibres are 
selected and delivered into one compartment, and the short fibres into 
another; an operation tvhicb at first sight wonld appear to require 
an iutelHgent and discrimiiiaiin*r power. Tlio actual process of file 
cutting is however one of the siiuplcst description. Tt coiisisis in 
driving a chisel of suitable form and incHiuitioii to a small depth into 
Hie prepared surface of the blank, and steadily withdrawing it again ; 
and cutting « file is merely a repetition of this operation. The diffi- 
culties to be s ur m oun ted are— to present the blank perfectly parallel to 
the catting edge of the dnsel : to withdraw the chisel from the incision 
made in the blank without damaging the edge of the newly raised 
tooth : to prevent a rcliound <>f the chisel after the Mow which drives it 
into the blank, and before the next biow is struclc : to ^ive a uniform 
traversing motion to the blank, ensuring regularity in the teeth : to 
proportion the intensity of the blow to the Taiying width of the file, so 
as to gife a nnifonn depth of cat : and to perform these operations at 
Boch a speed as to make them commercially profitable. In most of the 
attempts that hare been made to accomplish this process by machinery, 
the idea has been to eonstrnct an iron arm and hand to hold the diisel, 
and an iri u lianimer to strike tlic blow; and liy this means to imitate 
as nearly as possible the operation of cutting l>y hand. The diflereiice 
in the material used inevitably led to failure : the flexible and to some 
extent non-elastic nature of the finn:ers, wrist, and arm, enabled the 
man to hold the chisel, strike the blow, and then lift the chisel from 
the tooth, withont tibration : not so when the iron hand and hammer 
are tried to perform the same operation ; Ihe vibration conseqnentapon 
the material employed fireqaently caused irregnlarity in the work and 
a ragged and nneren edge on the tooth. The slow speed at which 
these machines wore worked rendered them unable to compete with hand 
labour. 

In the machine fomiinir the subject of the present paper the above 
objections have been nearly if not altogether obviated by an ingenioas 
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iliodlfie»tioii in tke mode of adioB. Thi« madime is Oib iimitioii ol 
If. Bernct of Ptais, snd 1im heen alnftdj woildiig tnooeBtliiny for 

some time both in I'liiiice and Belgium. Tlie blow is given by thu 
pressure of a flat steel spring pressing upon the top of a vertical slide, > 
At the lower end of which the chisel is firmly lixed; the slide is 
actuated by a cam making about one thousand revolutions per minute, 
and the chisel oonseqQently strikes tbst nomber of blowB per minute, 
thus olimtiiig the vibrstaon oonseqaeai iq^ the Uow irith sa urn 
monnted hammer^ snd moring si siieh « speed ss to render sdj Tibfa^ 
tion impoeefMe. 

The accompanying diiuvings, Plates 27 to 30, show the various 
parts of a machine for cutting 18 inch bastard files, which is nearly 
the largest size required : for the smaller iiles, machines smaller in 
proportion are employed, down to one half the size of that sho^fh in 
the drawings. Fig. If Flats 27 f is a front elevation of the msdnne ; 
Fig. 2, Plate 28, a yerticsl section tsken at right angles to Fig. 1 ; 
and Fig. 8, Plate 89, a plan. In the front elevation, Fig. 1, some of 
ibe parts at Ihe top of the madune which are behind the main framing 
are ishown in front of it for the sake of distinctness, and a portion of 
the frame at the top is omitted for the same purpose i but the proper 
position of these parts h fully seen by a comparison with the vertical 
section and plan, Figs. 2 and 3. 

The main shaft A, Figs. 1, 8, and 8, is momted near the top of 
the framing, and is driven hy a dutch that engages with a similar 
olatch on the boss of the driving pnUej and fijwheel B, which whoi 
tiie olntdi is out of gear nm loose npon the shaft ; the dnteh is moved 
by a hand lever with suitable notches to hold it in and out of gear, as 
shown in the ])lan. Fig. 3, Plate '20. The vertical slide C is lified by 
a cam on the main shaft, and slides between adjustable V guid( s fixed 
in the frame of the msehine, as shown in the plan, Fig. 3, Plate 2d, ^ 
and the enlaiged plan, Fig. 11, Plate 80. The cotting diisel D, 
Fig. S, Plate S8, diown black in the drawings, is hsld in a sooket in 
the bottom of the vertieal slide 0 and sscnreljr fixed by a set screw, as 
shown enlarged in Figs. 10 and 11, Plate 80. The blow is given by 
means of the horizontal flat spring 1^, Figs. 2 and 3, which is fixed at 
the outer end to a rocking shaft carried in a bracket at the back of the 
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nudn frame $ iliu bracket alio earries tlie preeanre cam F pressing 

upon tlie middle of the spring and forming the fulcrnm against which 
the spring is bent ^vllen the slide C is lifted by the cam on the shaft A, 
the ^riikg bcdng always in oontaot with the head of the sHde G. 
The pressure of the spring and oonaeqiieiit depth of cot of the duael ie 
. s^goktod fay aa a^vsting niew at tbe 
and in tlie oaae of ontiuig m paiilM file tlua pfeaame ia kept the aame 
tliToiighont. Bnt in cutting • taper file tiie pfeaaore ia Taried in the 
aame proportion as breadtli of the file varies, so as to maintain an 
equal ^li'pth of cut throughout, by means of the pressure cam F being 
made to rotate during the traverse of the file ; and the radius of the 
cam is made to increase and diminish in the proportion of the breadth 
of the file, thus vaiymg the amoont of deflection of the apiing at each 
eat in the leqaiied proportion. Hie rotation of the earn iaeffeeted by 
meana of the latohei wlieel Fig. 2, worked bj an eoeentno npon the 
nudn ahaft A, Figs. 1 and 8, and thrown ont of gear when a parallel 
file i» being cut. 

The file Llauk II to be cut, shown black in Figg. 1 and 2, Plates 
27 and 2S, is fixed uj^on a compound bed I, wliich admits of adjust- 
ment to anj obliquity horizontallj, as shown in the plan Fig. 3, 
bj turning upon a strong centre pivot J in the bottom firame ; and to 
anj inoUnatioa yertieaU/y as ahown in Fig. 7, Plate 80, Ij rooking 
upon the centre bearing E, ahown in the izanaferae aeetion Elg. Sf 
Plate 80, which conaiats of a Bemiciraiilar trunnion on eaeh side of the 
file bed, as shown by the dotted lines in Fig. 7. The file bed is 
adjusted and secured at any required inclination by means of the 
circular arc L, Fig. 7, fixed to one of the pedestals M in whicli tlie file 
bed is carried. These two movements of the bed give the required 
obliqm^ of the dii^ cut across the face of the file, and the inclina- 
tion of the duetto the plane of the file fi^e; the chisel itself remaining 
always vertusal. The tninnions K of the file bed are reoeaaed into fiie 
two pedeatals M, eaeh supported 1^ two piUan which are connected at 
the base by a turning plate N, taming on the centre pivot J. Hie 
upper end of this pivot is provided >vith a nut and washer to hold the 
turning plate N and secure the file bed 1 in the required oblique 
position. 



Digrtized by Google 



13a 



FiLB-OCTTIXa MACHIKE. 



The horizontal momuent or travei se of the file between each cut 
of the chisel is giren by mcaTis of a rack wliich slides in a lonpittidinal 
groove O in the file bed I» Figs. 2 aad 3, Plates 98 and 29. Thisvaok 
IB adviiioed the leqmved distanoe between esoh stroke oi the cbjsel hf 
the worn P, Fig. the shaft <tf which has a ratchet wheel Q fixed on 
the outer end, tm shown in Fig. 1 , whieh is worked throngh a series 
of connecting rods and levers from the crank pin R upon the end of 
tlie main nliatt A, Figs. 1 aud .S. In order to provide for the double 
motion of adjustment of the file bed I, with an mciinution ])oth verti- 
cally and horizontally, this feed motion is communicated throngh a 
yertical spindle B, Fig. 2, passing np ftwlj throngh the tobolar centfe 
pivot J upon which the file bed tons ; the head of the spindle 8 is 
connected by a horisontal lever and connecting rod with swivel joints 
to the cranked rocking shaft T, which terminates at the centre line of 
the trunnions K on which the tile bed rocks, as sliown iu llic plan 
Fig. 3, and side elevation Fig 7 : the other end of the rocking sliaft T 
carries a paul that works the ratchet wheel Q on the shaft of the 
worm P, Fig. 1. The whole of this set of levers is carried hj the 
tomiiig plate N of the file bed, and turns fieelj npon the head of the 
centre spindle B without inteifering with their action in driving the 
worm P. 

The npper side of the file bed I is ent ont in a semicircle, as riiown 

in Fig. 1, Plate 27, and Fig. 8, Plate aO ; and a moveable semi- 
cirenlar slide U, Fig. 2, wiiich is of snfficient length to cany the lile, 
is fitted into this semicircle so as to roll freely in the cavity. To the 
underside of this slide the rack O is attached by means of a groove 
and a cross piece, as shown in Figs. 2, 8, and 9. At each end of the 
slide U snitable fastenings T, Fig, 9, are attached for holding down 
the file, with levers, rack, snd springs. A handle W, Fig. 2, with 
conacottng rods, bell-crank levers, and springs, ismomited nndemeath 
the file bed T for disengaging the wonu P from the rack O and 
allowing the slide U to be pnslied freely endways, so as to bring it 
l'a( k easily after the file is cut. On the fn>nt of the main frame of 
the machine is mounted a leveller X, Figs. 1 and 2, shown enlarged 
in Figs. 10 and 11, for the purpose of pressing npon the file H and 
keeping it truly even with the edge of the chisel D ; the tipper end of 
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this leveller is jomte<l to a horizoniul wcight<?d lever Y, Fii,'. 1, (Jiio 
end of which is centred on the frame of tlie maclaiie by iiieaus of a 
link joint, and the other end is weighted by a ball ; a rest is [provided 
lor tv^^'Mwg up the lever when required, as shown dotted in Fig. 1, so 
as to keep the leveller X dear of the file. Another lever Z, Fig. 1, 
is nunmted upon a eeatro in the franie, for the purpose of raising tbo 
Tertieal slide 0 wideh oairies the chisely and is provided with notches 
to hold it in position. 

Mode of action. — When the file bed 1 has been adjuiited to the 
proper position, and the blank H to be cut fixed upon the semicircular 
slide U, the ohiscl slide G is lowered, so as to bring the edge of the 
diisel down upon the blank. The force of the main iqpring E then 
hriags the tnrfhoe of the blank psifeotly even with the edge of the 
dusel D, in oonseqiMDoe of the rolling movement allowed hj the send- 
dreolar slide U ; in this position it is allowed to remsin whilst the 
leveller X attached to tlie weighted lever T Is hrought down upon the 
blank : a slot hole in the middle of the frame of the leveller X allows 
it to move so mucli as to brinr,' its lower edge exactly parallel with the 
edge of the chisel and true to the surface of the blank, in which 
position it is then secured by hand by the tightening screw, as shown 
in Figs. 1 and 2. The blank is now slided aloqg to the starting pcnnt, 
and the maefaine pnt in motion. If the ^lank to be cot is • taper flat 
file, the panl Q wMofa aotuates the preasnie cam F pressing upon the 
main spring E is put in gear, and the deeper side of the cam is 
g!;niually brought down upon the spring, causing it graJniilly to 
increase the |)ressure upon the chistl slide C and consequently increase 
tlie intensity of the blow until the chisel reaches the widest part of the 
file. When cutting a parallel or equalling file this apparatus is not 
required. Alter the file has traversed the length reqnired to be eat, 
the driving dntoh is thrown oat of gear and the iti«AhtnA instantlj 
stops ; the chisel slide G is raised by the lever Z, the worm Jr 
disengaged from the raek O by tiie handle W, and the semicircular 
slide U drawn back ; the file is then released and replaced by anullier, 
and the operation repeal*jd. After the first cut has been completed, as 
shown full size in Fig. 6, Plate 2^, the second cut is given in the 
contrary direction across the file, by taming the file bed I roond to the 
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proper obliquity. Every desotiptton of round or balf-rotmd flies is eat 
in Hub madime by tiie tue ola reroWing bed end dividing appantos. 

hk tegtatd to the dnnlilKty of ilie catting obieels in tbis madiine, 
it ifl remarkable that tbej cut fire times as many flies as can be cut by 

band witliout re-8liar|H'niii^' ; and the reason seems to \ui tbat the 
chisel is driven into tlic Mank and ^vithdra\vn ajjfaiu iu a jierfcctly 
straight line and without any rubbing action ; whereas in hand cutting, 
the fine edge of the chisel is nibbed a short distance along the surface 
of the blank antil it oomes in contact with the last raised tooth, whidi 
is the only goide the hsnd oattsr has to pfodnoe legnkrity of eat. 
Fig. 4, Plate 89, shom a magnified diagram of the file teeUi and 
clusel (as idv^^ ia Holtsaplfel's work) showing the aotioii of the diisel 
in raisin.ir the looth in hand cutting, and its inclined position ; and 
Fig. 5 is a corres|»on(Iing diagram of the chi<?cl in this machine, 
showing the vertical position of the chisel and the inclination of the 
file travelling ondemeath it. 

In the files oat by this maohine the teeth are raited with perleet 
legdlarity, and oonseqaently when the file is need each tooth peribfina 
Hs proper shsse of wofk ; w h e ws in hand catting, firom the varying 
power of Ibe vrasoles, espmtSty towards the dose (tf tibe day, it is 
impossible to i>roduc(' such perfectly uniform work. 

A rnuiiufaotory employing twelve of these machines has been 
established at Douai in the north of France, and another at Brussels, 
in bolh of whidi the machines hafo been in socoessftil operation for 
neairly two years. 
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Mr. Obiiswood thovred dw nuwhine in aetkm^ drivn tomponrilj 
b]r band power, and eaUing smral files irith tlie 0nt oat; a xniml)er 
of filee completed by the medune were eleo ehown. 

The Ohatrm AV invited the members and their friends to join in 
the disensEion upon the interesting ami important subject of the paper 
that had been read, obserring that the oljects dcsiieil were the 
diecossion of the mechanioai (jueetions involved, and the elucidation of 
fiuAa of experience bearing upon the eabject, without entering into 
iny qiieetKms of priority of iimitioii cx patent deime. 

Ifr. B. FoTHnsaiLL thoni^t the maehine tiiat bad been abown 
displayed gieai ingenvHj, and was very deverly oo n tr l ve d for eSeeting 
the required object. A tlioroaghly effiineitt fi1e*cnittmg inaefaine bad 
been long felt to be a great desideratum, and mau> atteuipts had been 
made at different times for the adapt«tion of machiuciy fr«r that 
pur])Ose ; lie reuicuibered, when with Mr. Roberts in Manchester many 
years ago, an attempt was made fay a firm in Sheffield to apj^y 
madiinefy to catting files, bat after many trials it was given isp as not 
soeoesslal ; and an nnsaooessM attempt was also made by Erionon. 
Ibe mechaniosl diffioolties of the operation bad bsen to a great extent 
smmoanted in the ingenions file-ontting maehine that was shown at 
tiie Olaegow meeting of the Institution ; and Mr. Preston of Maa^ 
Chester had subsequently constructed a utacliine that was now workiag 
with coTif?ider»Vde success. Besides the meehanical ilitriculties iu the 
application of mudiiuery to cutting files, a very serious impediment was 
caused by the mistaken oppoeition of the workmen to the intnidnction 
of maofaineiy } and this opposition was so determined that the madiines 
had to be introdooed into new distriots in order to enable them to be 
worked. This was a most serioos mistake on the part of the workmen, 
becanae no opposition oonld in the end prevent machinery from making 
its way w h erev e r it was fbond capable of improving or eoonomising any 
nuuKilVicture ; and continued opposition of the workmen iii any place 
could lead only to the trade being ultimately driven away to other more 
^ee and enlightened places, and many lamentable instances of this had 
already occurred in connexion with the textile and other mannfaetares 
in different parts of the coontiy. 

In fntting files by maehmeiy speoial attsntion was required to the 
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pmliar Ibvm oCteotht lo m to obtw » km oiitting toolht •ndiAllis 
■MM tinea foim wm flteong ind dmalilt, oomtined wtth complete 

nniformitj so that the file might have an even bite oyer its whole 
surface. In hand-cutting files the workmen were very particuhir nl-oat > 
tbe ( lilsrl lu iitg ground always to the exact angle thai had been found 
best in long praotioe ; and the exact upset or raising of the tooth waa 
Mid to be ghrea by a peculiar turn of the wriat at the instant of the 
Uow» that weald be difficult to eflfooi ealiafiMrtorilj bf vuMihiiieij. Hie 
enqidred what eztant of eiperitnee there had beeft of the woiUiig of 
the files eat bj die pmeent maduaey and what were the reanlta ae to 
etrength and darabSKty <^ tooth ; also what was the lelaliTe eoet of 
machine-made and hand-made tiles in the regular course of work. 

Mr. Grebnwck i) replied they luul no fx|)ericnce yet in England 
except of detached trials ; but on the continent there was the experieuce 
of two jean* regular working at Donai, and the reeolt waa that 
Ihe entile eoet of euttiDg lj| iaoh baetaid files by the maehme wae oiilj 
4d, per doaen, inetead of 8Sdf. per doien tiie loweet pdoe Ibr the sane * 
work by hend at Sheffield; there were 18 of the meduiKW in opeialiott 
together, all worked by one man with boys under him to attend tiie 
seyeral machines. The machines were of different sizes according to 
the files to be cut ; and the speed ol those for the larger sized fiks ua^ 
900 to lUOU strokes per iiauute, cutting tlie surface once over in 35 
seconds. There was thus an advantage of 8 to 1 in the cost of cutting 
by the machine ; and the dnrahiHtgr of the machine>cut files waa also 
foimd to be greater than that of bMid-ont fileai from the more per£Mt 
legnlaiilf of eat, all the teeth shating eqnaUy in the workandthe 
teeth hdng laieed so rery legnlariy throni^ont ; and the maohioe-eat 
ffiee were prelbned by the men for nee, m they wore fonnd to bito 
eq^ually all over. 

In the machine the chisels were found to last much longer than in 
hand cutting, lasting L'enerally for cutting five files before reqniring 
sharpening, instead of requiring this with every file or ofteaer, as in 
hand entting, on account of the cutting edge being mm by rubbing 
i^on the anffiwe of the file blank between eeeh oat, the chieel being 
lifted over the iweed edge of each cat diteotiy after ibe Uow and thoa 
diftwn badk en the lurftM of the blank to the oUier nde of the xaiaed 
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edge flo AB to give the position for the next cut, thlB being the only 
gauge bj which tlie workmuu judcred of the ref[uircd distance ; and the 
pitch of the cuts was thus proportioned to the depth of cut and 
(XNmBpoaiding height of tooth raised. In the machine the action of tha 
^isel was simply a direot cat, a&d tbe cluad WM iiutaiitly withdrawn 
whhovt beiitg iiilg«oled to anj <rtli« tlM ti«t ooold be i^goiAted 
to the gmtoffe aootUMif , tmi h» was Bsliified th«ra was not any 
inoTttiienl feqtdred in the prooess of file ontting tiist ooald not be 
perfectly effected by machinery. 

The Chair>ian enquired, whether any of thtj machines were in 
legular work in ilii- < < uutry. 

Mr. Greenwood replied that the machine shown was the only one 
at present in this oountiy, and there were not yet amy machines in 
ragnlar work ezeept those on the eontinent. 

Mr. B. A. OowFm^ asked whether the maichine oonld be used 
MMSSslidly for cutting ronad and half-roond files, as there was greater 
diiBealty in ontting ^Mse than in entting fiat filss. He remembered 
Ericsson's file-cntting machine ^at bad been referred to, having been 
eneraered on the exjterinients tliat were tried with it : and the greatest 
difticultj experienced was with hali'-rouiid liles, from tlic liability 
of the file to shift sideways in the machine, causing the chisel to miss 
its hit blow. In the machine now shown there was an important 
isqpraveaisnt in the appliefttaoo olthe ebisei, whiehin Ericsson's maehino 
was separate Dtom the hammer and was arranged to aeoommodnte 
itsslf to tiie file to be eni ; hot in tiie present madhine' the file wss 
made to aeooinmedato ils^ to the lerelier, wbloh was set exactly 
evea vviUi the chisel, and this was itself a fixture in the hammer; the 
vertical slide in which the chisel was firmly fixed was in effect the 
hammer, and would have to be made of suitable weiglit for the {>articu]ar 
cut intsnded. In the files cut by the nuMhine now shown the second 
sot socwnsd to be wtlh the same foroe as the first ont: instead 
of which lihe general pinotiss in hand-est files he belisfid wss to msks 
the leecmd ont lighter then the first, so as not to dirids the first teeth 
eompletely down to tiM» bass, as the lonn of tootii than ohtnined wss 
not 80 good, the first cut being thus pertly closed up. The gies* 
regularity in the teeth of the machine-cut file was certainly an 
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advautage. The arrangement hj which the force of blow was gradually 
zeducod in n t^>er file vr^ vmj complete ; bat the |»toli of too4b 
remauMdomfovmtlimglKmt, aadhathoiighiitiraaidbeMiadfmtiigtt 
if tiba pitdi could be elio <BiniiiiiJn>d iritli fhe depth of eat, • > 

Mr. Gmibvwood fcpUed tiiai fhve was na difBeoUj in enttivg 
round filee in tlie mechme as irell as fkt filee ; Uie maohinee were of 
smaller size for this purpose, working at a speed as high as 1500 
strokes per iiiiniite, and iho tang of the file was fixed in a chuck liko a 
lathe head, tlivided for llie several cuts reiiuired iu a compk-to revoliiUon, 
BO that the whole process was earned oat complr^tdr without anj 
difficulty. The force of blow was easily regulated with great exaotaeea 
by tlie adjofting aotenr at the end of the spring : and it was a great 
advantage in the machme work that the depth of cat when once set 
continaed the same thzonghont the work ; instead of which in hand ' 
cntttng theire was nnavoidai i) a gradual yapatlon in the foroe of the 
blow from the fatiguo of the workman's muscles towariLs the end of 
the day's work. The jiitch of the t^eth was at present kept unilorni ^ 
tiiroughout in the machinei but it could be arrmigcd to be varied if 
required, bj adding a motion for changing the rate of feed ; he did not 
think however that that was a point of any practical moment. 

Mr. H. MavdsiiAt thought the machine was very well designed 
andaningenloiisarrsngementofmachineryforthepnrpoee; itcertainly 
did the work with great perfection and expedition, and appeared a 
highly successful attempt at accomplishing the difficult operation of 
cutting liles by machinery. The diflference in the cost of work as 
stated in com])aris()ii witli hand cutting was rery great, and he should 
be glad to know the whole expense of work, considering the outlay 
reqniied for the machine. 

Hie QBAttsMAa observed that when there was so great a difference 
as from $S<f. to 4cf. per doaen in the cost of lahonr in the mannfectoie, 
the expense of the machine woald be of little conseqiiencei since it 
would soon pay for itself if it did as good work. 

Mr. B. FoTHEROiLL Said he was accjuaintcd with the working of 
machine-cut files, manufactured at Manchester, and they were fouiul to 
be quite as good and durable as the best hand-cut iilci^, if nut i»u]>erior; 
he was satisfied that the best class of files would altimately be 
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manufactuml by machinery, altliough the process might not be perfected 
at preaeat. Tlie luachiAe now shown was admirably contrived for 
effiMStiiig Mtne of the movements, particularly as regarded the moving 
pr«MV« cm for ytrjing the loroe of Mow thioaglkoat the file, Mid the 
hid motion and diBeBgagiag i^fMowias for the ndc. He hoped thai 
others preee&t who had tried to oonBtmet naduaeiy for file oattiBg 
iroQld iH^e them the Teenlta of thdr experienoe. 

.Mj . .J. Tuiij.iNHON bad paid much attention to the subject for some 
time, but had found many diiliculties with taper and round files 
that he had lately given it up ; however he would try again after 
witnessing the suooees attained in the ingeniona machine now ahown. 
He thought this was ctsgtltAB of improToment in aome pointe, eepeeialfy 
m redofliiig the fiolence of the Mows, which he idiovld he afraid would 
aahe the maehtne difficult to keep in good order ; and though the 
maofatne did not yet .appear quite p<!rfe( t, he thooght the object 
would still be accomplished. He enquired whether any greater 
difficulty was ej^>erienced in hardening the files cut by the present 
machine. 

Mr. S. Greaves said he had been working the machine for several 
montha and foond it qmte miooeeefiil in catting files, but it required to 
he managed lif a man properly experienced in file catting or it wonld 
not torn oat good work : the machine might he made to work well or 
not according to the qnalification of the man woridng it ; bat from his 
own experience in file mannftkctare for many years he was satisfied that 
tbe madiinc was capable of cuttniLj perfect tiles in retjular work. It 
could not be made to work properly wlien shown in a louui, because 
the foundation was not solid and steady enough, which interfered with 
the perfection of cat. No difficulty was found in hardening the files» 
and they stood the process qmte as well as hand-cat files. 

Mr. E. A. CowpKE ohserved tiiat an important point in catting 
files was to have them fiimlj end oniformly bedded on the machine 
ihroqghoat their entire length whilst receiTing the blows of the chisel ; 
and the arrangement in the present machine was an improvement in 
this respect : tbe leveller he thought a very good and expeditious 
contrivfinee for that purpose, allowing tbf chisel to come do¥m upon 
the Hk with a thoroughly solid blow at each cut. 
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Mr. Gbbbnwo' U) said the file mm laid upon a &inc bed in the 
Biiditoe, bedding flat througlioai its whole surface ; and after half » 
dossnfiks had been oat oa thd Mne bed^thii maoki&e wm fooiui toooi 
era bat*«r from tii* b«d g«ttaig fitted to iha files. There waa m > 
Utile difficalfy in fitti changing tiie maehine from oatliBg one liie d 
file to anolher, in ofder to get it infoeompleie adjustment, and the beat 
plan for regular work was to have machines of different sizes, keeping 
each one to a regular mn of work , in such au iirrangeuieut, wiUi a 
coiiipkti? set of the maehiues, he waa oonfident they would be kept at 
work for years together without any material cost for maintaining them. 

The Chaibiiav mofed n vole of thaaka to Mr. Greenwood for hie 
paper, which waa paaaed. 



The following Paper was then read i--^ 
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ON THfi BfiLATIYB fiOOMOMY AND DURABILITY 

OF TABIOUB 0LA86BS 
^ OF 8TATI0NABT 8TBAM BOILERS. 



Bt Kb. B0B£BT B. LONG RIDGE, or Manohkotmu 

I 

Tlie olgeet of the present paper is to lay before the memhen of the 
Inetitatioii some etetistiee relating to Statioiiaiy Steam Boilere, ahowiug 

the relative economy of the varions classes of boilers nsnally employed 
for mauulacturiug purposes, and accompanying these statiRtics by 
remarks upon the advantages and imperfections peculiar to eacli class. 
The data here recorded and the opiuionji deduced are the result of many 
jears* experience, dnring which the writer's position has afforded him 
mniBaal facilitiea for inveatigatrng this importsnt subject : the boilera 
•* . referrsd to sn Ihe following remarks exeeed 1600 in nnmber tsken 
indisoriminately. 

The following Table I, with the boilers di-rided into elasses, shows 

the numerical ratio which these bear to each other, and may be cousd- 
dered a fair average ol uiiat are at present in use in the great 
manofactoriog districts of Lancashire and Yorkshire : — 

TABLE I. 

! Proportionate Nuuibtr vf dtjjcrent Boiler.f note vorking. 







Butterley boilara 


2-6 


w 


C^lindrioal boilers without intenud fluM 




» 


QrlfaMbtoelboilm with Intamal Ami . 


. 75H) 


H 






n 






n 






t* 




1000 





Ibis table shows that the elass of boflers whidi hate internal flues, 
oommohly known as Oonush boflers, greatly preponderates, bang no 
less than 75 per oent. of the whole. Tins proportion has referenoe to 

all boilers now working, and large as it may appear would be still 
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farther augmented if reference wore made only to those maunfaotured 
daring the last two or three years, iu whit^h cas« the proportion of boilers 
with internal flaeB oonld not be estimated at less than 90 per ooit. of 
tlie whole nambw of boilen maik daring that InoonwqiieDee 
of this Ywy laige exoeos of one paitionkr olaia of boOer, it will beivell 
to enquire whether it ariaee firom any decided ai^erioiity of boilen with 
internal flnee, or merely from the haint of imitation which eo generally 
prevails. Although these boilers do undoubtedly possess advantages 
over those which thpy have in a great measure supersedtnl, it will bo 
seen from the particulars given hereafter that they are iulerior to other 
boUers of more recent introdut^tion. 

It has been foimd impossible to determine satisfactorily from the 
data which have been collected the conect relatiTe economy of the 
aeToral daseee of boflera here referred to, inaamneh ae the only com- 
mon standard of comparison is the indicated horse power of the engines, 
winch is endeniiy fidlacioas; for any difference in the degree of 
expansion of the steam used must affect the results, and in some cases 
to a great degree. Calculations based on such uncertiiin lata must 
therefore he received with much caution ; but as it may be of some 
interest to know the average consumption of fuel per indicated horse 
power in the manufacturing districts, this is given in Table II 
(appended), in which each daes of boiler is distingoished, hot no 
attempt is made to dednce any condnsions as to their com^azative 
economy fnriher than may be confirmed by indiridnal experiments. 
Whererer boilers differing in constmction hare been working together 
it has been necessary to exdnde these from the table ; and as this is 
the case in a large ])roportion oi luctories, the number of boilers here 
referred to is comparatively small. Where ihe engines have not been, 
indicated or the requisite particulars not obtained, the boilers have also 
been omitted* The following are the general results of Table II : — 

Awus 
lafiMM Rone 

per boiler* 

9 Butterfcy boilers . . 106 , . . R-25 lbs. 

8 Boilers without intcrn i! lliiea . 39 , . . 6 'd6 ,^ 

470 Boilers with internal liuea . . 120 , . . 4*85 „ 

14 MuUiflued boilers , . . l^d . . . 4*33 „ 

74 Galloway boilers . . . . 128 . , . 4*92 „ 

40 Multitubular boikrs . . 170 . 3 46 „ 
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Table ill (appended) gliows the evaporaiive duty ol' ilio vunous 
classes of boilers, m asoertained from expoiimeiita made with boilers 
worldag imder tiMir UQtl conditions. The general construction of the 
botes vxpmmmiad upon is shown in Pistes dl snd 33, snd tliqr 
STB distingiiialied in <he Tables by tlie following letters of referanoe : — 

i^Qylindrioal boiler with 2 Aiae. 

B— Ditto ditto. 

O— Ditto ditto showninFigi. 1 anda^FlstoSl. 

D~ Ditto with 6 floBB ihowB in Ftgs. 8 and 4, Hate 81. 
S— Mellifliiedbollflr with7 fines shown in FIga. 5 and 6, Fists 81» 

F—OsUoway boiler. 

O— Ditto shown in Figs. 7, 8, and 9, Plate 88, 

H— Oalloway Multitubular boiler shown in Figs. 10 to 1 3, Plate 32. 
I — Hnltitobular boUer shown in Figs. U to 17, Fhite 32. 

In these ezpeiinients the foel oonsamed was weighed, snd the water 
erapoiated wss socoiatelj messnzed bj Kennedy's water meterSf on the 
oorrectness of which gnat dependence may be placed ftom the high 
diaraoter they have deserredly ac(juired. Hie erapoiatiye dnty of the 
different boilers is given in Table III in lbs. of water evaporated from 
62*^ Falir. per lb. of fuel consnmed ; and a colnran is also added 
showing the eqmvalent quantity of water evaporaled from 212" Fahr., 
for conTenience of comparisoA with resolto oaloulated from the latter 
temperature. The following are the general resnlts of Table III : — 
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The wm of beftting forfioe in the diiTemit Vnlers oxperimenied 

upon is given in Table IV (appended) together vvuli tbo area of fire- 
grate ; that ouly being reckoned as lieating surface winch can fairly h« 
ccmfiidered effeotive iu generating steam. The fi^wing are (he totol 
areas in eaek oaae € — 









A 


S8 «|. ft. 


590 M|. ft. 


B . 


95 „ 




C . . 


» 90 If • 


. . 403 „ 


D . 


90 ff 


630 „ 


£ . 


99 If • • 


. . 697 „ 


F . 


. 90 „ • 


. • 499 „ 


G 


9^ tt • • 


*' • 898 


H , . 


80 If 


590 „ 


2 . . 


• 80 tt • • 


. . 454 „ 



III Table IT tho Mveond kinds or positions of beatutg sufiMse wee 
distingiiislwd, not only as ftgnaee and flue siir&oe8,lnit also as oooreKy 
ooneaTO, and Tertieal sar&oee : for lihe Tslne of any snr&oe must 

depend much upon its position rcluiivc to the source of heat, the 
direction of the gases from the furnace, and the degree of circulation 
of the water in the boiler ; or, in other words, npon the more or less 
favoarable position of the surface for reoeiTing or taking np the heat, 
and on tiie facility nith whidi Uie heat is oonummieated bj meaiiB of 
the oiicnlatioiL of the water. In the intemsl flnes or tidies of boiiere 
the deposit of dost and ashes from the fuel greatly retards the trans* 
mission of heat through the plates: on this aeoomit, and from the 
unfavourable position of the lower half of cylindrical flues and also of 
horizontal surfaces forming the imdereide of flues or c! jul u Lion 
chambers, it has been usual to exclude these in estimatiug the area of 
heating surface, as is the case in the areas given in Table lY. From 
the frequent fracture of plates in these parts however, in oonseqnenoe 
of overhealing, it is erident that these snrfrees do shsoib and 
accnmnlate heat in sofBdent amonnt to eanse damage to the metal | 
by proper eufenlation of the^rater this might be prevented and steam 
generated, though possibly not to any practically useful extent. Upper 
horizontal surfaceji, such as the crowns of square fireboxes and 
combustion chambers, have hitiierto been generally considered the most 
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eSectiye. This 86«ro8 however to he exceedingly questionable, particularly 
with r^rd to horimiftlsaifiMm of large e](tent: ISor a sarfiMse oan only 
be ittlaliTdy elective m ptoportion to the T«|ndtf>y with wliioii tiie 
corommicate d heat caa be canied off by the water; and Hiemaamnaa 
of efficiency will be attafaied when no aootunuktioii of heat takes plaee 
in the plates, wliich must depend entirely on the circulation of the 
water. Tlierc can be no question that liorizontal surfaces are the best 
to absorb heat ; but uulo8S the heat be carried ofT by the water and 
prevented from accumulating in the plates, the practical value of the 
torftoe for generating ateaai wiU be nneh impaired and the plates 
ipeedfly injnred: henee Ihooe aorfboee are to be preftned, which 
eombined with naturally good podtiona fbr abeorbing heat offer also 
the gfoateet facility for cireolation of the water. Sinoe in the ease of 
horizontal surfaces, particularly of large extent, the currents of water 
tendiiiLr towards tlie middle from the outside or from above, can reach 
the middle only by opposing the ascending currents of steam and 
water, th^ must of necessity be more or less diverted from their 
eoarae ; and the cireolation being thue interrupted, not only will the 
generation of steam be leas than the snrfiMea are enable of prcMlaoing, 
bat as a neoessary and more aerioos eonseqaenee the platee must be 
snbjected to oonetant oveihea^g, and sooner or later will become 
deformed and seriously injured. Under these oiroanutances an 
accumulation of dept»>it usunlly talves place, which has been assigned 
as the cause of the injuries and fractures of the plates, where these 
have ooenrred; thongh in reality the presence of deposit affords 
evidence only of comparative qui^oence or imperfect ciroolation of the 
water at theae parts, of which it is the elfect. On this acooant there- 
fore upper horisontal anrfiMes, espedaUy when of large extent, cannot 
be the most effeettre, nor even so eflktive as has generally been 
supposed ; indeed when exposed to the direct action of tiie fire they 
are in many catjes objectionable. Surfaces concave towards the fire 
and heated gases, and flat surfaces deviating- somewhat from the 
peipendicular, are probably the most cff' ctive ; for from these the 
Steam wiU rise ireely and the water will be brought more readily in 
contact with the plates, the snr&oea being in a position more favourable 
for cbcnlation ; provided only that the water spaces are not too oon- 
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fined, a fault to be found frequeiitlj in locomotive and luarine boilers. 
These remarks will suffice to explain the writer^ objeot in making a 
distuutkm in the kmda of lieatiiig rarfiMs in the boilen ezperimflDtid 
vpon ; nd he wadd 6X]imi s hope UuiA ihit imporUiit qneeim 
he made tiie ttbjeei of ibrtlMr mveelagaiMB. 

The following are the particdars of the experiments given in 
Table III :— 

A — Cylindrical boiler with 2 Jlues. Each trial with tliis boilor 
oontinned during a whole week of 60 working honxe. The fuel 
ooninmed inehided that leqniied niaiiig stoem efeiy mortttng. 
The evapoMlioa per IK of foel is tiienlbre leee thaa irotild have beea 
the eMe, had eaoh trial exIeBded over only 6 or 7 hours, as in soaie of 
the otiber experiments. 

V> — Ci/lindrical boiler with 2 Jlues. This oxperinu nt also extended 
over four working days, under similar ciFcumstances to Uie preceding. 

C — Cj/lindricul boiler with 2 jlues^ shown in Pigs. 1 and 2, 
Plate 31. This boiler haring worked only • lew weeks was free from 
soaloy which should be home in mind in oomparing ii witii the oftiMr 
hoihm. In the ftrst ezperimeat the mean of two trials of 12 hoors 
each is given. The temperatiure in the main fine leading to the 
chimney- aTenig«d 548^ Fahr. as measured by Ganntlett's pyrometer, 
and the evaporation was 7*48 lbs. of water per lb. of fuel. Comparing 
this ^rith the first experiment with the Galloway multitubnlar boiler H, 
shown in l^^gs. 10 to 18, Plate 32, which was also new and free 
from scale and tried under precisely similar conditions, it will he 
observed thai the evaporaiioQ is 8*08 lbs. of waiter per lb. of fuel or 
nearly 7} per osnt. graaler with the latteri while the t am p er a tnre in 
the main flue wis ooty 416*^ Fshr. ; dnwing that a larger portion «f 
the heat had been abstraoted from fte gases dming their passage 
through the flues in the Galloway multitubular boiler, owing to the 
larger area and more }mrticnlnrly lo the better description of heating 
surface. A second experiment with the cylindrical two-fined boiler 0 
shows the evaporation in the course of 48 successire hours, the rate 
of combustion daring the night being only about one half of thai 
during the day. The evipomtioii is considfnbly less tiian in the 
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first experiTncnt. amounting to only G'88 lbs. of water per lb. of ftiel, 
probal>l v owing to the fires banner beeu neglected, an excess of air 
{Missing through the grate where not corered with fiiel. A corre- 
wgoo^g second experimeiii with the G^llowmj maltitabtijUyr boiltr H 
BhofWB • uadlkx reBdi, ib» evipoiatum bang dbniudiad to 7*71 Ibt. 
of water per lb. of fiul; bni m ihu ohm also liio aopenorify of tlio 
MBM boiler ia ezhibeiod hj an m e rou ed oraporatioik of 12 par eoAi* 
over the boiler C. In thui matenee tliare baa been an eiroellent oppor- 
tunity for comparison, each of the boilers compared liaving beon 
worked on the same preiiil^t.s under tlie condi Lions best suited to them. 

D — CiiUndrical boiler with 5 Jhms^ shown in Figs. 3 and 4, 
Plate 31« This boiler witii an external furnace gare anything bat n 
aatialbotofj veaolt) the efTapoimtnm baiag onlj 6*16 Iba. of water per 
lb. of ineL Yaikm alteratMna ware then made in the aiBa of fir^rate, 
tiia mode of aeitiiig, a^ the adnriwaton of air, in order to efiSdot pcrfeet 
ooaBbaation of iiie Ibcl ;< bat alHioi^ ik&E aearaad to be attained, tiie 
evftj)orative power could not be increased, as shown in the second 
experiment given in the table. Comparing this with an old Galloway 
boiler F, working nnder similar conditions, a marked dilierence is 
apparent, the evaporation per lb. of fuel being 7*66 Iba. of water or 
nearly SO per oent. higher with the latter. 

B— IfwAjIbair Mer wW^ 7>mi, ahownin Figa. 6 and 6, Flata61. 
Tha «?aporatioa in thia boiler waa 7'il Iba. of water per lb. of 
ftiel, or nearly the same as that obtained in tiie first experiment wifii 
the new cyliudiiciil two-tlned boiler C ; but the evaporation per square 
foot of grate per hour was 8 per cent, greater with the multillued 
boiler, the grate surface of which was 73 per cent, larger and the total 
effisetive heating surface 50 per e^it. larger than in the boiler 0^ aa 
ahown m Table IV. The rektrre valm of Ae fed need in the two 
oaaea not hanng been aaoertained, a Mt eompaiiaoD ean aoaraeljr be 
drawn ; bat it ia probable that the advantage woold be on the aide of 
the mnltiflned boiler B. 

F — Gallotrtii/ /ioi/er ; has been already referred to and compaiml 
witli the cylindrical five-iiued boiler t). 

O — Qnlloway boiler^ shown in Figs. 7, 8, and 9, Plate 32. In 
the fir|jt experiment with this boiler when burning alack of a veiy 
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inferior quality, tho evaporation was 7*25 lbs. of Wftt4?r per lb. of fuel 
or 3 per cent, leas than in tlit- lirst rxiH rimeul witli the new cylindrical 
two-ilued boiler G ; but in a seoond experiment with a better quality 
of fuel the eraporative duty appears to be equal in the two boilers. 
The boiler G hanng woHced for many jeaiSy its empovafiTe power 
woald to some extent be lupaind bj inomstBtioii on the pistes ; but 
as regards the rate of enqporvtion per sqpare foot of grate per hour 
it stands much higher tiurn any fsOtar boiler in the table. 

H — Oallowatf Mnlti'tuhular boiler , shuwii in Figs. lOto 13, Plato 82. 
^is boiler has lK>en already comjjared with the new eylindrical two- 
flued boiler C, and its snperiur evaporatiTO dutj is also apparent as 
compared with tlie preceding Galloway boiler G. 

L^MuUMuim- koiUr, shown in Figs. 14 to 17, PUito 52. In 
the first experiment this boiler appean to smpass all the preceding in 
evaporative duly, the evi^Kmtion being 8*36 lbs. of water per lb. of 
Inel ; but as the coal here used was of a nrabh better quality, prol>al)ly 
the best steam coal in Lancashire, the superiority of this boiler may 
not be so great as wonld at first appear Tlie construction is 
undoubtedly good ; but seeing that the Galloway luuliitubular boiler U 
with a much inferior quality of fuel falls little short in evaporatiTC 
duty, it is probable that with the same qoalily of fiiel the latter 
wvold giye the higher evaporfttiTe duty. On the other hand it 
most be observed that the rate of evi^ratlon- per sq[iiare foot of grate 
per boor is considerably higher in the mnltitnlmlar boiler t. The 
Becoiul and third experiments witli this boiler show the evaporative 
duty during two consecutive weeks : these may Ik; compared with the 
weekly results of the cylindrical two-flued boiler A, over which they 
exhibit a marked soperioriiy, the conditions of the ezperiments being 
similar in the two oases, ezoepthug in regard to pressnre of steam and 
qnslity of foel as alread|f mentioned. 

The r^tive economy of tiie Tsrioas classes of boilers as regards 

eYa]>oration of water and conRumption of fuel having thus been shown, 
the n( xt qtu stion to l>e considered is their relative durability and the 
defects peculiar to each. 
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The boiUr is now rapidly disapjiearing from Luncaslure and - 

Yorkshire, being nnsuited for the increased pressure of steam which 
has of late years bceu generally oiiiploycd. It ia tiierefore scaroeljf 
^ necessary to lefer to this oonfltruction of boiler, excepting to remark 

tliAt in the oonom svfMe wqfoted to the fire end the verticel cimred 
soH^oes <tf the eidee a Tery effeotive loud of heetiag mufMe is 
pmeented* 1!he bottom of the boiler where it reete on the aeatang ie 
the pert whete repain are meet fre([ucntly required, owing principally 
to imperfect circulation of the water at that jpart, resultmg m tracture 
or leakage and corrosion (»f the plates. 

The Jiutterlei/ boiUr^ similar ia form at the fui'uace, is liable to the 
eeme defect ; but for a moderate preiBiireie deoidedly to be preferred 
to Ihe ojMndiicel boileflr iritfaont flaee. 

The chief merite of the CjfUmdnisal bcikr vfithmt Jkie» eonost in 
greet etrength end eim^icilgr of eonstmclion end in its beiiig suited to 
rough UEage ; but as regards economy in ihel Hide cen be said in its 
fiivuur. On this account it has been principally cuuiinod to collieries 
and ironworks, where economy iu fuel is generally too little regarded. 
The chief defect to be attributed to this class of boiler is fracture of 
the plates over the fire ; but this is frequently much eggrsTated from 
en enor in aetling, too little height being elloired between the nndereide 
of the boiler end the firegwrte or etthe bridge, nnderwhich dawnmetenoes 
even the best plates will not long escape injury from the intensity of 
the fire. Various combinations of the plain cylindrical boiler have 
been introduced, with a view to increased oconoray, but very partial 
success has attended these endeavours : amongst them may be men- 
tioned Woolfs end the French boikr and others of more recent date. 
Theee however eppeer to poessBs lew merits to recommend them ; end 
iimeybemmeoeeeeiy to eUnde to them inrther then to obeenre that in 
the French boiler a large eiee of heating snrfiMO is presented, neerly 
the whole of the lower veseels oonteining the water being exposed to 
the tiaiuc or heated gases. But it is evident that in this arrangement 
the circulation of the water must be exceedingly defective^ there being 
only two or three connecting pipes to serve as a communication 
between the upper and lower vessels: the steam generated in the 
letter not finding ready meens of exit aooomnlates end allows the 
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plain at the top to beoome ovmIm«M and firaotnmd ftom nan-Matact 
df Hie water ; wlnlo fraetma oeenr also at the bottom in consequence 

of insut'Kciont circulation of >vator, tlms rentk'riiig frequent and expen- 
sive repairs ncctJi»i»ary. Thore is nioroovcr great liability to priimiig', 
owifig tu the obstruction od'ered to the escape of steam from the lower 
taeatls : it haa boea obacrred in the woi^iiig ol theae boiletB that, 
iBstead of a lagular aarwiding twmmi of Bteam, ita afloent from llie 
lowar Twaala ia mtemittent, and modi water is oanied along ivith it. 
To ramedf tina deliset, pbtea or pipea Imto in goaaa InataiiQeB been 
introdnoed to separate the aaoendiBg and deeoendnig earrents; tmt 
even then the results have not been satisfactory, and tliis boiler tliouy;h 
nUU. extensively used in France is but little adopted in tin.-, country. 

The Cornish boiler or cylindrical boif^r ifith internal Iln48 is^ aa 
Imm been shown in Table I, by far the mo^ commtm iono, o£ boiler is 
Lonaaaliixa aad Yoikahizo, it ia M»plo in ooMtraotknit alfordiBg 
gvea*ia«it(jfi)rclenbg aadrepaifs; bnt on tfaa othg hand posmaaae 
■eriooa defeda, prinoqial of wUdh am i mpw rfa o t oiranhtiaB of 
water and weakness of the ftiea: the lonner being ih» cause of 
tinequal expansion in the boiler, jjroducing strain ii.g of the scams and 
sometimes fracture of the plates ; and the latter being the nn 
fceqaent source of es^osion. With iires in the fines, the smaller the 
flna tha gtaatar ia ita atmigth ; but the more ia^ecfect is also the 
owaboation, owing to the eooKng effoet of the piatie upon thg fiial and 
tha gaaaa. Wifli Inge flnee, it will ha leoi that tha apaoaa B 8, 
fig. 2, Plata 81, botweon tiM boikr ahell and fluM, bong iiaeigi«ri]j 
small, the aseendltig e nr w nta from tte nppor part of the floes exposed 
to the action of the fire and from the tkic surfaces of the shell must 
greatly impede the flow of the downward current, and in some cases 
nlken very narrow almost entirely prsfvent it : consequently the difi'ec* 
cnaa of twnperature between the upper and under side of the boikr 
frSk ba oonaidernbla^ afpeoiallj whm lint laiaiag atrnm ; tho efibeta of 
whiflh ave uneqnal egpanrion, leakage at tha aaamc, and not nnfro* 
qmntlj iiraetun of the platea ntar tha aantre at tha mider aida 
Another de#mt o om mon to tUa boOar is the fracture of the end platee 
or angle iron rings by which the flues are attached. This appears to 
be caoaed by the r^ieated alternate strains to which these parts are 
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subjected : when the boiler is oin[)ty it is strained by the weig-ht of the 
fines, if tlioy are support' ! "uly at tlic ciuls ; and wlion at ^vork by the 
reverse strain due to the buoyant action of the water upon the flues 
and the preeanre iqMm the ends. To remedy this some makers have 
adopted the plan of a np portSai^the floea in the middle bj meaoa of a 
plate ataj attached bj angle iron to the floea and to the diell, an 
arrangement iriiieh haa of late become more general, linee it has been 
shown by some recent experiments made by Mr. Fairbaim and the 
writer that the strength of tints varies nearly in the inverse ratio to 
their length. The moat efficient mode of strengthening such tines in 
however by the adoption of Adamson's plan of flanged seams, as bIiowu 
in Fig. 17, Plate 32. Beyond the fact above stated, that within certain 
limits the strengtii of cylindrical fines Taries inversely as their length, 
little is knoim oa this snbfeot The nltimate strength of fines still 
remains a matter of nneartainty ; for while some fines S feet diameter 
made of f inch plates and exceeding 30 feet in length have oontbified 
workint,' for years at a i)res<«nre of not less than 65 lbs. per s<jn;iro 
inch above the atmosphen', ntliers of smaller diameter and eqn:il 
thickness but shorter length, and therefore siippoBed to be of greater 
strength, haye collapsed spparently at a lower pressnre. The experi* 
meats already made on this sobject have certainly been of some 
serriee, but are by no means oondnshre as to the absdnte strength of 
fines, especially if there be any deflation from the ejlindfiesl ibrm. 

The MuH^bted boiler may be considered an intermediate stage 
between the Curnijsh and the multitnbulnr boiler, and has the advan- 
tai^o of bein;,^ f?tronger in the flues and probably more economical in 
fuel than the former. 

The Qullowaj/ boiler is in one respect snperior to all the otlier 
boilers mentioned : namelj in having better cironlation of the water 
by means of the vertical pipes in the fines, the heat being carried off as 
nqndly as received by these sor£M}es, against which the heated gases 
impinge. An equality of temperatnre consequently prevails through- 
out the whole body of the water, and a boiler of this construction is 
therefore not subjected to tlie si'vire .strai)is j>ro(liieed l»y Mneipml 
expansion, which so frequently cause leakage and fracture in the under 
nde of Cornish and mnltitubalar boilers. In economy of Sael it has 

Y 
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ahwdj bean shown thai this boOer liolds » bigh pontioii, wbkh 
app€«rf to be mainly dne to the large proportion of nearly vertical 
beating surface, and the iii(»re jierfict circulation of the water. 
Objectiouci have been raised nfrainst the o*'al due on the grotuul of 
weaicDcss of construction ; but with th« WAtar pipes as stays sufficient 
strength is obtained for moderately high prassnra, and bj the adoption 
of the plan of flanged seams before mentioned the strengifa oonld be 
increased beyond any present requirements. 

The Mviatuhukr ftoifor, though nniFersally admitted to be 
eeonomieal in fuel, haa generally fallen into disrepute, in conscquenee 
of tlie tVo<iin'iit repairs required, and the difficulty or imjiossibility 
of c]i.'aMin;L( i)roit(.'rIy where there i.s inucli ^<'l^ilnt•ut fruin the water. 
Where set without external tlues, leakage ou the underside and conse- 
quent eorrosion of the plates have usually taken place. This howeYor 
has been to some extent remedied by oonstmcting a return flne nndar- 
neath, so as to mnintain more nasily aa eqnsHfy of temperatore 
dironghont the boikr ; the oaose of fsilnre being as already ea[pUdned 
the imeqnal ezpaasion of the upper and lower parts of the boiler from 
want of proper ciroulntiuii of tlic water. Owing- t*> the difllcMilty of 
removinir sediment in tliis boiler, a solid mass is formed in the course 
of time, preventing access of the water to the tubes and thus seriously 
impairing theb efficiency and durability. Tubes generally have been 
made mmeoessarily long, a ooneidaraUe portion of their length being 
of little if any valne for generating steam : for the gases on entering a 
tube, having imparted a huge portion of their heat to the snifrMss 
with wlueh they first come in oontaet, oontinne in their oomparatarely 
cooled state in contact with the tube, preventing in a great measure 
the transmission of heat from the hotter gases in the centri; of the 
tube. On ibis accouut in several multitubular boilers of recent make 
the length of the tubes has been considerably reduced, and with decided 
adrantage. In ^e Galloway multitubular boiler the small tnbes are 
▼ery short, not exceeding 3 feet in length. 

The writer has not thought it neoessaiy in tbi^i paper to enter upon 
the question of combustion though intimately connected with that of 

economy of fuel, that part of the subject having been so fully discussed 
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by others. In the exiiorimpnta above detailed no jiarticular attonUoii 
was directed to the question of smoke : the usnal mode of firing wag 
Ibllowed, and there was no great emiMum of smoke, the air bein^ 
partiaUy admitted through the firedoon» ezoept in the GaUowaj boiler 
where it entered entirely ibrongh the gmte; bnt the combustion 
oannot be said to hm been perfeot, nor therefore do Ihe tnblee here 
given show the abeolnte Tiltie of the ftiel used. 

There is no doubt that great as lias been tl»c jtrogrcis oi laic years 
in the constniction of Bteam engines and the economical nso of steam 
by working expansively, this has not been accompanied by equal 
progress in the construction of steam boilers ; for whatever may be 
tiie edentifio knowledge in the latter branch of engineering it certainly 
is not fiifTOiirably exhibited in the genecafity of boilen in pieeent nse. 
On the oontraiy ihe lawa of combiution anderaporataon aeem generally 
to have been ahnoet entirely i^ored, and waate of Inel and rapid 
deterioration of boilers have been the natural consequences. lu 
concluding these remarks the writer would express a hope that, 
imperfectly as this subject has been treated, sufiicieut has bet^u aaid to 
allow the necessity of further inreetigationa) and to induce other 
mcmbera of the Institntion to proeecnte theee eaqniries, which cannot 
fall to prove of great praetleal valne to the mannfactoring eomnniaiiy. 
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Mr. LoNQRiDOB said hU object in the paper had been, to give the 
geiienl leeult of a veiy large number of obeervvtioiie upon the woxkiDg 
of steam boilen that had come imder hu inqieetioii in eonnezion with 
the Boiler AseociatLoiL in Manoheeter and the neighbourhood, in order 
to dflrive from them as iar ae praotioable some general eoncliuio&« 
respecting the relative ecouoiny aii<l durability of tJie dilVcront eoustnic- 
tions of stiitioiuit) boilers in most extensive use. An important 
question involved vva8 which kind of heating surface proved the most 
efficient on the whole ; and this appeared to be not yet cleared np, as 
lereral different coDsideratioDS were oonneeted with it. In some eases 
owing to great £MUi1y for the escape of steam from the sttHiMe 
where it was generated a good resnlt was obtained in eraporati're 
duty, although the healing snrfrce was really of inMor form for 
abflorbing heat: he was inclined to think that tiie tube-plate in a 
multitubular boiler cvajioratcd nearly as much water a.s tlie tubes, 
in consequence of the im])erfect means of escape for the steam 
ftGin. the surface of the tubes. 

He wished to call attention more particularly to the Galloway 
mnltitabidar boiler shown in Figs. 10 to 1ft, Plate 82, in whioh the 
' temperature of the smohebox proved to be 182^ lower than in the 
cylindrical two-floed boiler compared with it, shown in VigB» 1 and 3, 
Plate 31 ; the temperature being only 416* in the former instead of 
cilS' in lilt, latter, sho\. uig- a much more complete absorption of the 
heat hy the former boiier. In this experiment the circumstances were 
exactly the same with both boilers, so that they could be correctly 
CMopared : the result was that 7*48 lbs. of water were evaporated 
per lb. of foel by the cylindrical two-ftned boiler, whilst the Galloway 
mnltltahalar boiler OTaporated 8*08 lbs. of water per lb. of fuel, 
giting 7 1 per cent, more daty. 

19ie CwAumAm remarked that the obji ct to be attained was the 
highest evaporutivc duty in tlie smallest ^>Bce combined with the 
greatest durability of the boiler, and the great difficulty in boilers was 
to obtain these several advantages without unduly sacrificing any 
essential point. Tlie maintenanoe of a good circulation in the water 
was one of the most important means of obtaining duability of the 
boiler, by preventing inequality of tmperatnre in different portions ; 
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and in isuiiie of the long- boilers ^vitli double flues there was no chanee 
of circalaUoii of the water on account of the narrowness of the water 
spaces, niileu bj the water dmnmdnkg at the baflk aid and imkg «t 
tlM front end. 

Mr. liOSGBiDGB said tliat proper ewsiilition of the water in the 
boiler waa oertainlj the point of greatest inportanoe, and the firaetorea 
in the bottom of boikrB would be moA kea Ulcely to ooenr if this were 

suflicicntly attended to. The s[>aces were so small in some boilers that 
uo cflcctivc circulation of the water could take place in them, bein^ 
frequently only 3 inches wide in two-tiued boilers ; he had known 
boilers of that kind 30 feet \<mg which worked for half a day before 
the water at the bottom became heated to the temperstnze of the 
steam^ and this inevitsUy led to fracture of the bottom plates from 
the strsin of nnaqnal expansion. 

Mr. J. KiTsov thought the paper that had been read was of great 
value, ospeeiallj in that district, where so many boflers were at work, 
and where sullicieut attention was not paid in many cases to tlie iniportunt 
question of dTiral)ility of the boilers as well as economy of fuel. Tlie 
consideration of durability as aflected by the mode of coiistniction and 
setting of boilers had he belieyed been mnch disregarded in proportion 
to its importsnoe, probably in oonseiinfln c e of the apparent oomm er cial 
yalne being too exfilosiTely considered in the first inataaoe. Ihe 
improvement of Ixnlers wonld he thought be matenaUy interfered with 
and retarded, so long as they were paid for aeoording to the nsnal praetiee 
at a rate i>er ton; and it would bo im[)Ossible that boilers economical 
in arrangement of material and consumption of fuel and of sncntific 
exceiionce should prevail unless a diflerent system were adopted. 
Nothing was more faUadoos than the idea of cheap boilers, taking 
simply first cost into consideration; the principle of constmctum of 
boilers greatly affected their dnrabiliiy and the profit to be got ont of 
them by the persons nsing them, snd the question of first cost became 
bnt a minor consideration in cmnparison with the durability and cost of 
future mMEitenance and repair. He hoped that a change in the mode 
of charging for boilers would be made before long, placing this question 
on a more correct basis than the present plan, and he did not think 
th<^ wonld be any serions oommercial dimouliy in making the change. 
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The paper that had been Toad wm of particaUr valtte, as a record of 
resalts derived frt»iu the extensive experience of the writer in the 
iujjpectioii of a very large number of boilers; and those results ailunUd 
valuable data for a compariaon between the diiferent kinds of boilers as 
to thdr permanent economy. He thought the form of boiler that bad 
been ipeeiaUy pointed out in the paper as giving the best mitltB 
iqipeared rather more eomplioated than he ahonld have preferred ; for 
eim[)licit7 of oonetniotion was a very important oonsiderationinrespeot 
of diminishing the expense and delay of repairs. 

Mr. B. Gooi)KELi.ovv obgerved that in making' comparative trials of 
the evaporative capabilities of boilers particular care was requisite to 
ascertain the qoantitj of water actually evaporated, free fKHn any loss 
of water fay other eanses ; as well as to ensure exaet oorrespondenoe in 
the oinsmnstanoes of the boilers, not only as to quality of fael, bat also 
to have the same draught and the same management of the fire. It 
was very difficult on this account to arrive at the true result ; and he 
had known some double-flue boilers that appeared to be trivirii^^ much 
less pvaporntive duty than others although similar in construction. In 
reepect of the circulation of the water in boilers, he Lad h^vn led to 
think it not so imperfect as seemed to be supposed ; he had made an 
ezperiment fay inserting a short pipe 6 inches long into the end of a 
two-fined bofler imdemealh the fines near the bottom, and a similar 
pipe 7 feet long close to it, each pipe being dosed by a cock. He 
found that the temperature of the water from the shorter pipe, which 
WHS M° at starting to raise the steam, rose 10° when the si, am was 
up ; hut the water from the longer pipe had risen 23*' in the same time, 
showing that the heat was steadily moving through the water Uioqgh 
slowly. 

The CsAiBMAH remarked that the only tras comparison of the 
eflicien^ of boilers was the measnrement of the water aotnally evaporated 
wiUi the same fhel ; and no oorreet data conld be obtained from the 

comparison of the indicated horse power that was often made for the 
pur[>ose, siTicc in that case the boiler and engine were coupled together, 
and the elective value of neither of them could be ascertained ; for it 
might be a good boiler coupled to a bad engine or the reverse, and the 
results obtained were tmavoidab^ ODMire or less frUadons from that 
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flimmiBlMioe* The oljeefe to bo auiMd tt was to obtda the £otm of 
boiler UiAt best oombined the adToiitogeo of 0001101117 Id ootiminiptk« of 
fbel with donbiliiy and eoonomy In tepm and oonipietiieM of tiie spaoo 
OQOBjiied ; the latter points were of great Importaaoe la marine boileia 

and niaiij cases of stationary eiigiiica. 

Mr. W. E. Cauueit considered the ordinary custom of puicliasing 
boilora by weight without reference to construction was a great 
diaadrantage, and led to the nae of inferior forms of boilers. He 
ffoggeeted that in the GaUowaj mnltitabnlar boiler which liad been 
referred to It might be adrantageoiiB to place the tabea In n aeparate 
chamber containing tiie ibed water, bo aa more effeotnally to take vp 
the remaining heat of the flne before readnng the difmney ; and he 
enquired whether such a plan was not found to be economical. 

Mr. LoNORiUGE replied that iu stationary boilers, although there 
was an advantage to be gained theoretically by heating the feed with 
the waste heat of the flue, yet he had found the plan was generally 
abandoned on aooonnt of the accomnlatioa of soot i^on the heating 
apparatoa, which so greatly impaired its effidenoy aa to make it not 
worth the additional comj^ication. An exception to tfaia waa Mr. 
Oi«en*B apparatus) in whioh tfie enHhee <^ the beating pipes was kept 
free from deposit of soot by the continued action of scrapers moved 
slowly up au<l (luvvu tlic pi|>es by means of machinery ; this apparatus 
was ct;riainly very efiicicnt and produced an important eGon<Muy in th« 
consumption of fuel. 

Tb» OoAVUtAX obeerred that this plan amonnted in effect to 
inereastng the heating aarfaoe of the boiler, by applying some 
additional snHaoe thai waa maintained in an efficient condition for 
abeorbing heat ; and whatever constmction of boiler might be adopted, 
the object would be to leave as little waste heat as practicable to pass 
away uuab.sorl>ed by tlie water. 

Mr. S. Bast ow thought the subject of the pat»er read wa^ a very 
important one for discussion, and the paper was one of much valne lor 
the practical infonnatiea and resnlts contained in it. The question 
waa one that was materially alfeoted by localily, for the rdative cost 
and qoalitj of fad made a great difierenoe in the oompataliTe value of 
economy in otmsmnption of ioel as»one of the oligeeta to be aimed 
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at in a boiler ; where fut;l was cheap and economy of space was also 
not of importance, a simple and cheap make of boiler that was safe and 
durable would be preferable. In the iron districti of the north, plain 
cjlindricBl boilen with oooTez ends were mneh need, ae they were 
fonnd Tsrj dnnble and cheep in numnfactore, and ihese were points of 
greater importanee there than eoonomy in oonenmption of fiiel ; the 
boilen were generanj of great length, 50 to 100 fbet long, and about 
4| feet diameter, set with a flash Hue," a single tliie open to the 
entire umlersiile of the boiler. But wherever fuel was not very cheap, 
it was undoubtedly the right ooarse to seek fur the most gnomical 
farm of boiler as to oonsumption ; it was then the beet plan commercially 
to give n larger som for the boiler in the first instance so as to obtain 
» more perfoct constmotion, and this wonld prove a g r eat saving in 
the end. 

The Chairman mored a vote d thanks to Mr. Longridgo for his 

jmper, was passed. 



The foUowii^ B^per was then read : — 



Digitized by Google 



168 



DESCIUPTION OF A P 
OifiECX-ACXIMa 8TfiAM CRANE. 



Br Mb. iiOB£&I M0BB180N, or N£WOAaTLE^K>TTNK. 



The advADtaget of being able to remote heavy weights with faoiUtjr 
at the lowest possible cost and in the shortest time ate of great 
importanoe i& many eases, such as in dock and wardioose work : 
bat the general principle of steam eranes, constnieted simply as 

ordinary cranes witii a oonple of cylinders attaclied to drive the gearing 
in place of manual labour, makes tlu iii open to objection from their 
complication, siruo ihey are not well adupled for the exjKJilition now 
re<][uired in discharging cargoes, in consequence of the great wear and 
tear npon them and the frequent chances of accident from the breaking 
of s tooth in the wheels or a link in the chain ; also on board sh^ the 
rattting and shaking cansed by the woridng of sndi cranes is foond to 
be injurious to the decks. The writer has for some time endeavoared 
to substitute a machine that would perform all the work of a steam 
crane t fTieiently with the least jiossiblp am on nt of inaniuil labour in lire 
shortest time, and aUo be couiposed of the smallest number of parts. 
Tho result has been the Direct- Acting 8team (jraae forming the subject 
of the present paper, in which the steam i^lindersi gearing, and other 
complications of the ordinaiy steam crane are done awny with ; and 
the crane post itself is made the steam cylinder, fitted with a piston 
having a flexible piston rod of wire rope, which woiks stesm-tigbt 
through a stuffing-box at the top and passes over two pulleys, forming 
itself the chain for lifting the loail. 

Tl»e new steam crane is shown in Fig-. 1, Plate 33, which is a side 
elevation of a 2| ton crane that has been at work for the last 
14 month* on the quay at the writer's works, Newcastle-cm-Tyne. 
Big. 2, Plate 84, is • vertical section of the crane post to a laiger 
scale ; and Fig. 5, Plate 35, a sectional plan. 
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Hie cnne post or i^lmder A of cMt or malleable iron is made in - 
one length, or tn two or more pleoee bolted together m may be 
ooBTenient, and bored out to a qee enitable for the weight to be lifted 
and the preesnre of steam to be need. Hie kngih of the bored 
portion of the crnno post corresponds with tiie height of lift required. 
Within the oyliinicr works the piston 11 wliich is firmly secnred to thn 
end of the flexible piston rtxl (ir wire rope C. Tins piston is made 
with a wedge-shaped packing ring, as shown in the enlarged section, 
Fig. 1, Plate 85, so that when the preesnre of ateam is upon it the 
packing expands and makes it steam-tight; botftas soou as the 
pressure is removed the paddng eontracts, so that the.piston woiks 
freely in the cylinder and the weight of the rope is sdBde&t to orerhanl 
it. The wire rope C works .steam -tiirht through a 8tuflin^'--l>ox 1) at 
the toji of the crane [x.st, niul jmsses over the two pnlleys, one on Uic 
top of tlie crane post and tlie other at the extremity of the jib. At 
the end of the rope is fixed the east iron ball £, containing a volute 
spring to which the hook is a^taehed for the purpose of rehoTing the 
orane and tope from any abmpt strain when bqgpinning to lift the 
weight. The wire rope is much safer than a chains sinos it is not 
liable to the sudden fracture often ocenrring in crane chains, nor is it 
ntleetud tu the same degree by the tenijicratnre of tlie atmosphere. 
Tiie rope used in the crane at the writer's works is made of steel wire; 
it is 1 inch in diameter and would carry 10 tons, and is sufficiently 
flexible for all purposes. The stuffing-box B through which the wire 
rope works is fitted with • conical gland, pressed down by a spiral 
spring, so thftt the packing is slways kept well pressed np roond the 
wire rope, withont the neoessify of screwing np as is the case with 
ordinary stoffing-hozes. The turning round cylinder F, Figs. 2 and 
5, for s winding the crane round, is cast on tlie underside of tlie bed 
plate (i and ; ims part of it: it is truly bored and fitted with a 
rectangular metai-packed disc or radial piston H secured to the 
outside of the crane post A. A segmental block I forming the 
abutment is bolted to the inside of the cylinder F, and made stesm- 
tight next the ervne post liy metaUie packing and springs. . 

In woricing the crane, the steam is admitted from the stssm 
pipe K through the lifting vsItc L by means of the handle, Fig. 4, 
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Plate 34, and passes up throu«,'h the port M in Uie crane post A, Figs. 
2 and 3, to the top of tlie post, wliere it presses on the hliiiig piston B 
and raii^es the load. The valve L is then closed, and the steam 
retained m the <^liader A so as to hold the weight saspended ; while 
Um oraiM is tmung vmd right or kft hj admitltiig ttMm through th« 
tanung VBly« K toiither tide of iheioniliigins^ IhehandteL 
is then morMd and the ■taam libove the piston B sUowed to eecsps 
through the ezhsnst pipe O, and the weight is lowered to the required 
position fast or slow as desired. Thero is a passage round the stuHlng- 
box I* for the purpose of admittinfir the s;te.un into the port M at any 
position of the crane ; this passage is packed at top and bottom with 
a lantern brass between, so that the top gland tightens both packings 
St the ssms time* It wss sppreheaded st first that on seoonnt of ths 
expsasifs sotion of ths ststm there would he some diffioolty in storting 
sad stopping the orsae instsatsaeoiisly : hot no snob diffietd^ exists 
m praotios. The lifting Tslve L shown enlsiged in Figs. 8 sad 9, 
lUatc 35, is made with oblique edges, so that tlie lifting can begin 
gradnally and stop instantly. The turning ronud valve N is also made 
in the same way ; and for stopping tiie crane suddenly when turning 
ronnd it is only requisite to admit the steam to the opposite side of the 
taming ^ston H : this not only stops the enae st once, bat also 
ibnas sa socceUeat cushion for the pistoa. Pkorisioa is further msds 
at esbh snd of the lifting cyliader A, as well as in the taming roand 
cylinder for prsTsnting aooident ia case tiie steam shoold not ho 
shut ofif at the proper time, by placing a ring of india-rubber Q, 
Fig. 2, to form a cuUiion for the piston each eud of the cylinder, so 
that no damage can l>e done. 

The turning round ciylinder F is cased and constantly surrounded 
wiUi the exhsast stsam, as diowa ia Figs. 8 sad 6 ; this keeps it hot 
and prevsats coadsnsatiim. The erane post Amay be ooversd withfelt 
sad wood to keep it warm: battheoiaaeatthswriter^sworksisaet so 
oovered, sad altiioagh in the open air no IneoaTeniMioe whatsrer is 
experienced from condensation. It might bo supposed that in working 
the crane the stcani wouUl condense so rapidly in the t rane post that no 
weight could be held suspended steadily fur any length of time : Imt in 
praotios no peroeptible change is obserred in the position of the weight 



Digrtized by Google 



maiot-Aomo woum oba>e. 



171 



if left raqMnded for SO mimrtes wiHiOQt any ttem b«ng admitted into 
the erane post: tliere Is indeed no pevoepttble oondeneatian of steem, 
sad no more power ia feqmted to lift 3 tons then a praeaore of 8 tone 

upon the area of the piston, with the nsaaX allowance for friction. 
The crane is blown throiiu")! at starting in order to clear it of any 
water that may liavc condensed in it, and is thereby heated so that it 
if not found requisite to blow throngh a second time as long ae it 
oontinnes at work. The blowing throngh is effected bj means of the 
small mitre valTe B placed in the piston B, Fig. 7, Plate 86| kept 
doaed hy a spiral spring ; Imt wh»n the piston oomes to the hottom of 
the erane post the Talve is <^Mned and aOows the steam to pass throngh 
the hollow step S of the crane, I'ig. 2, blowing out any water through 
the pipe T ; the crane post is tlins warmed down to the ver\' bottom. 
The underside of the liftini? ]»iston must communicate witli the 
atnu^here, in order to enable it to work satisfactorily, otherwise in 
lowering the weight a yacnnm would be fonned below the piston whioh 
would retard the lowering and render it impossiUe to overhaul the 
piston and rope when the weight was remored ; sod as a direst 
oommnnieation between tiie oyUnder and the atmosphere would eaose 
Hhe cylinder to be filled with cold air after erery lift, entailing a great 
loss of heat, to obviate tliis the blow-tbrongli pipe T is connected 
to the casing of the turning cylinder F, so as to allow the exhaust 
Btmm from the casing to follow up the piston B in lowering the woiglit. 
The taming roond piston H, shown enlarged in 10 and 11, liate 
85, ia made with four hrass pseking bars pressed up hf springs, with 
a V piece inserted in each of the iMur comers and kept up bgrnapting; 
these oomer pieces are made of white metali and being softer than 
brass the point will wear as fast as the sides of the packing bars and 
thereby keep the corners always tight. This piston is made quite 
iiidepoudeut of the rest of the crane, the packing bars being titled and 
ground into their place, springs put in and the cover bolted down 
before the piston is pot in its plaoe; the bolt heads are sunk in the ooTer, 
and tiie fitting strips U carefiillj leaned and well fitted into the radial 
forked arm H, Fig. 5, which is pkmsd oat to embrMO the piston. 
Ibis aim Is made of malleable iron and seenrely bolted to the <nrane 
post A ; it is made J inch shorter at each end than the cylinder so 
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IIS to allow the cmne post to work up or duwu without jamming the 
piston in the cylinder. To examine or repair this piston it is only 
requisite to unscrew and lower the cjlinder cover, and th*' | iston can 
be drawn down from its place and reoMrred entiMty. Xhd weU in 
mbAfk the orane pott A woiks is kept quite drj by m cast iron Bntiif 
eztsndiiig entlfe to tiie Ivrel of lugli water, Fig. 1^ wheie a leeess is 
oat out on one side to allow of going down into the well to ezamlae 
and grease the crane step S at the bottom. 

A crane of this con<»tniction with a lift of 22 feet and ft radius of 
20 feet will lift, awing round, discharge, and swing back to reload, 
S tunes per minnte, or will discharge 3 tubs of coel of 2 tons eadi in 
one minnte, or n greater qnanti^ if the tube can he flUed fkst eaongh. 
In addition to tiie eipeditioa of thess cranes, the smoothness of their 
moiioa and the abeenoe of any jerking, sodi as takes place with cliains 
and the ordinary goaring, are of great importance, preventing any 
undue strain upon tlie fouuUatiou or the sudden breakage of cliains 
or other parts of tiie crane. Smoothness of motion is obviously of 
great advantage when cranes are us^ otk board ship, fcNT it is well 
known that the imsteady motion of the preeent eranes is Tsiy injarious 
to the decks: this is so mnch the ease thai it is impossible to keep the 
decks watertight for any ooosideinhle time ; and when cohered with 
lead or sheet iron to prevent the water getting through, the decks and 
beams are eventually so mndi injured by the constant jerking and 
viltration caused l>y the ordinary steam cranes, that rf'pairs are required 
more frequently and at more expense than w^ulii otherwise be the case. 

Another arrangement of tliis steam crane is shown in the diagram 
Fig. 12, Plate 36, intended for situatiotts where there is not soffieiettt 
depth for the crane poet, or where htm other esnsss the post cannot 
be cafiied down. In this arrangement the lifting ^linder A, shewn 
black in the diagrams, is laid heriaontaUjr below the sorfiMe of the 
gi. und and the rope is guided to HnB poet by a pulley; the cylinder 
may be close to tlie surface, and tlic rope then pass over a pulley at 
the stufBng-box and down at an easy angle to the pulley below tlic 
orane post. Xhe writer is now making siich a crane for the Hiver 
Tyne CkmumisskmerSy for diaohaiging ballast from their ballast barges 
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into wagons alongside. It is intended to discharge 2 tons of ballast 
ai each lift, and empty it into the wagons, and to deUTer at least 1200 

tons per day of 10 working hours ; the lift is 32 J feet and the radius 
25 feet. This arraiitremeut is also suitable for warehouses, the rope 
Icailiug to the different floors ; or the cylinder may stand upiiglit in 
the warehooBO and hare a handle on each floor for working it. Figs. 
18 and 14 represent modifications of the crane, proposed for application 
on board sliips. In Fig. 14 tiie jib A is made of malleable iron and 
forms the liflang cylinder ; this arrangement is intended to be need on 
board Teasels where it is not desirable that the steam cylinder should 
go below the deck. There are also several other situations where this 
mode of working by the applicutiou of a direct-acting «;teaiu cylinder 
with wire-rope piston-rod might be adopted witli advantage, such as 
for opening and oiosing dock gates and bridges &c. 

In making a compaiiaon hetwsen the cost of working these cranes 
bj steam or hy water, and taking the water at a prsssnre of 60 lbs. 
per sqnare inch, the pressnre at the writer's works, and steam at 

50 lbs. per inch, the writer has found that the cost of steam is but 
4^ ponce per hour, makiuL,' allowance for waste ; whilst water wonld be 
8 shillings per hour : taking the water at 7d. per lUOO gallons, and 
coals at 14«. per chaldron or 5«. M, per ton, the present cost at 
Newcastle. 

Now to make a comparison of the relatiye amonnt of work that the 
new plan of steam crane is capable of doing, and taking the 2 ton 
erane already referr^ to for the Biver Tyne Commiasioners, 3 lifts 

per minute is about the niaxiniuiu, and 1^ liftii per minute could be 
maintained; but taking for com] li-ou only 1 lift per minute, t1iis 
will give 120 tons per hour Lifted 32 feet and swuul: rnuud and 
discharged, or 1200 tons per day of 10 hours ; and the eo^t of such a 
machine with boiler and steam pnmp to feed the boiler would be jS460 
set to work complete. Oomparing this with the actnal work of the 
present steam machine need by the commissioners for dischaiging ballast, 
it appears the nummmn work is 1 ton lifted 81 feet and swung roond 
and discharged in 2 minutes, and the average not more than 1 lift of 
1 ton in 5 minates ; but taking the maxinmm of the old uiachiue it 

A 2 
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would deliver 800 tons per day, wlulst the oost w«i vbont £400. 
Adding intaPest npoQ the origmal cort of both maolmieB, wages Ibr mtm 

attending to tlioni, and coals the new crane will discharge 1200 

tons pt r day at a tost of about .11.?. per 1000 toni>, and the present > 

xnachine will discharge 300 tons per d4ay at a cost of 505. per 1000 

tone. Thus the new crane, the original cost of wliich is about tha 

siiiie aa thatof tlie old machine, will diaoliaige fionr times the qmati^ 

of materiBl at 80 per cent less eost per ton. 

Comparing the new crane with the ordinary stesm cnme, it iqipesn 
that the 2 ton steam oranes of the. Hamburgh Steam Navigation 
Company at Newcastle diseharge 20 lifts of 1 ton each per honr, and 
that the maximum of ilieir ^vork is 2b lifts i>or lionr or discharging 
25 tons por hour. The ecjst < >f one of these cranes with boiler complete 
is about £350f and it would discharge 200 tons per day of 10 hours. 
One of the new direct- acting steam cranes to discharge 1 ton per lift^ 
with boiler, wonld be less in first cost, and wonld discharge at least 
600 tons per day or three tunes the qnaniiigr. 

Hiis crane is simple, easy to work and keep in repair and working 
order : any intelligent lalx^irer can be instructed to manage it in three 
or four days ; i»ne »)f tlie labourers in the WTitcr's workb has worked 
and kept in order the crane at his works since it was started : in fact 
there ia nothing requiring attention, but oiling and packing. In 
working the cnme the man does not require to more a step ; he has 
only to take a handle in each hand, lift and lower with one, swing 
roimd right and left with the other ; and so little exertion is leqnired 
that a man could constantly work it for 10 hours per day without 
interniisbion. 
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Mr. Morrison showed a specimen of the wire rope taken oft' the 
enne after m months* work. He observed that the packing of the 
8tiiiBDg*boz was one of tl^e greatest diffienltiro anttc^ted at first; bat 
when the rope was new onlj a slight blow of steam took plaoe at the 
stuffing-box when the crane was lowering, and it was qmte tight when 
the full pressure of steam was on in lifting : hut after a few weeks' 
work the slight c3rroovt s ll^t^veen the wires of the rope got jiru tly filled 
up, and the stnthng-box becuiie practically steam-tight both in 
lowering and raising. There iras no troul l • with the packing, which 
was simpiy alternate layers of gasken and sheet india-mbber, pressed 
down bj a ffpixal spring giving a constant pressnre npon the gland ; 
and only a slight blow of steam was visible after one month's 
work of tile same packing. Tlie tnmuig ronnd piston with sqnaTO 
brass packing proved completely satisfactoiy, aii«l liad worked six 
months witliniit iV"iniriug any attctitioii ; iinlia-rnliluM* pacldng was 
tried at tirst for the purpose, but was fouud to Cull from abrasion, and 
lasted only a short time. 

The other difficoltj anticipated at first was loss from condensation 
of tiie steam ; but tiiis piored to be remarkably small, as shown bj 
the length of time that a weight was held suspended bj the pressnre 
of the steam on the piston in the crane without any farther supply of 
steani froui the boiler. He had recently tried the crane standing for 
half an liniir with a load of 45 cwts. suspended from it, and fouud 
there was a dilTereuce of only 4 inches in the level of the weight 
during the whole time, although the boiler had remained entirely cat 
off. 13ie working of the crane was Tsiy oonvenient for management, 
the lifting, lowering, stopping, or taming round being effected with 
the greatest ease by the two handles. 

Mr. A. LssLin had seen the crane and watched its woiking for 
some time, and it was certainly very satisfactory in its action ; all the 
movements were under complete control and managed with great ease 
and rapidity. He was particularly struck with the packing for the 
flexible piston rod, which he had not expected could be kept tight \ 
but it worked really steam-ti£^t. He thought the crane was an 
important improrement, and would ptOYi highly advantageous for 
many purposefi, such as for the decks of steam ships and many other 
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fitoAiioiui where steam irae ^Tillable and other pofwer eocild not be - 
eonTeniently appHed ; and the gveat timplicity of tiie whole and the 

small uuuibcr of ynvi^ in it were, a '^voai roeoiuinonduliun for such cases. 

Mr. J. AxDEnsON tlioii-lit tliat the compari.soii given in tlio paper P 
between Uie cost of steam aiul cf water power for wurkiiig a crane 
oould uot be correct, as the cost of water power appeared iu it so mnoh 
greater than th«t of steam ; he did not see how thai ooald be the case, 
for the steam was generated at a dJstanoe from the point where it was 
used, and its application in that -manner would be expetM to be 
nnnsnally cxpendTe and extravagant from the extent of cooling soHaoe 
to which it was exposed ; but in the eu.se ot" watvr the power would be 
applied direct without waste. Tho ns<« of high pressure water for 
working cranes iiad proved a very economical and su€c<.'.ssful lueaus of 
a))plying power, and very convenient for working. He asked for some 
farther particulars of the comparison that had been made. 

Xr. MoKBisoa replied that the crane stood at a distance of 106 
feet from the boiler, and the hwt 20 feet of the steam pipe was brought * 
under ground, covered over with ashes, the rest being an open pipe 
pu.s&iiig thruugli the forge, lie had \u)t the meant> iA nieasuring the 
exact h*ss i»f :>ioam from condenbation iu its passage to the crane, but 
thouglit it must bo contined within ^mall limits: for the pressure upon 
the crane piston in lifting a load of 45 cwts. was wilhin 7 lbs. per 
inch of that in the boiier, which was 48 lbs. ; and the loss of st^mi bj 
condensation in tiie crane post was shown to be exceedingly small, 
firom the length of time that a load was kept sospended by the same 
steam. The water power oonld be readily tried by letting it direct 
into the strain j>ipe, and it was taken at the regular ])rossure in the 
main of Gl) lbs. ]>cr inch, nearly corresponding with the steam pressure, 
and at the actual cost of Id. per 1000 gallons, in the comparison of 
steam and w^ater power for tliis purpose, there was another point to 
be considered in £Kvoar of steam : that in using water it was necessary 
to fill the cylinder all the same, and oonacqoently expend the same 
power whether a light or heavy weight wera being lifted ; bat with 
steam the cylinder was filled each time with ctily the exact qnantH^ 
of steam required to till it by expanding to the le^uiied pre«si>are for 
lifting the load. 
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Mr. K. A. C'Wi Ku iciiiarkcd that tor a correct compurisuu with the 
cost of water power the comparison should be made with aprefisiiiQ such 
as was practically employed for tlie })iirposc : ^vatcr at a pressore of 
onlj 60 lbs. per inch was quite out of the question, being a yeiy wastefol 
mode of applying tiie power ; hnt a pressure of 600 or 700 lbs. per 
inch should be taken, sneh as was used in hydraufio maehinery, when 
a proportionately smaUer quantity of water would be consumed. Also 
as to the amount of waste of stoaiu licni (-ondtiisation in the steam 
pipe, no deduction cuuld l-o drawu from tlic circumstance of the boiler 
preisure being iiiaintained at the crane during working^ since the 
pressure would be kept up in the pipe so long as it was in open 
oommunieation with the boiler, however great a waste of steam mig^t 
be going on by condensation in the pipe ; unless the area of passage 
were actually too small to eouTey the required quantity of steam from 
the boiler for keeping up the pressure, when the steam would of course 
be wire-drawn and tlio ]nt;,6urc lowered in the same way as if the 
crane cylinder were taldng steam faster than the area of steam 
pipe could supply it. He thought that iiom the extent of surface 
exposed in this case there must be a considerable loss of steam by 
condensation. 

This crane would probably be found most advantageona for ooa- 
tinuons and rapid work, such as diseharging ballast at a fixed station, 
and in sitnations where a single crane only was required ; and where 

the greater cost of a|i|»iiratu>; ro(|ni^lte for a liytlraulic crane would make 
it unsuitable. Otherwise, as to ceonomy of j'ower, tlie quantity of 
water used was in proportion to the lift ; but this was not the case 
with steam, wliich also suffered the loss of a considerable proportion 
of its power, particularly where the crane was not in conttnnous work, 
the cylinder being then allowed to cool after each time of using: 
whereas water power was always equally ready for action without loss, 
however irregular and intermittent the work might be. 

Mr. Morrison observed that the expense of coustnictioii would be 
greatly iiicreaseil iu the cuee of water power of high pressure, by the 
aofxnaulator required for obtaining the pressme. Where several 
cranes were required in a nm along a quay or elficwUere, they could 
be worked with one boiler, making the whole apparatus very simple 
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and eoonomicftl in oonstniotion ; and Bteam was fi^qnently oonvejed 
long distances in oorered pipes for workiiig engines. 

Mr. S. IJastow said there were several steam cranes working at 
the West Hartlepool Docks, tliat he haU constructed for dischargingr 
ballast, each of wLich discharged about 60 tons per hour, lifting 1 ton 
at a time ; they were on the ordinary constnicUon, and did not swing 
roond, but tipped over tlie booket when it waa lifbed and the jib was 
raised ; and this arrangement was foond oonTSoient and expeditions for 
the pnrpcse. It might be a question whether a Uoger weight lifted at 
a time wonld not be more economical, but the amount of the weight was 
limited by its having to be haudled in tipj.inar ; ft«d if the \voi^l!t was 
required to he swunpr round, there would certainly be an advantage in 
the craue now described, in saving time by swinging it romid partly at 
the same time as hoisting. The crane waa conveniently arranged for 
working, «nd he much admired the diroet action of the steam in 
raising the load, nhicih greatly simplified the eonstraotion and was a 
Tery ingenious plan. 

Mr. MoBBisoN observed that the working of several different plans 
of cranes for discharging ballast had been examined by the River Tyne 
Commissioners, and they ha<l ilecided upon tliis cruue for the ]>urj>ose, 
on account of its oouveuienoe and rapidity of working aud fiimplicity 
of construction. 

Mr. £. A. OowPHR enquired whether the turning round piston 
was found quite large enongh as shown for swinging the crann round 
quioUy, aa it had so short a lererage to aet at. 

Mr. MoERisoH replied that tike piston first used was only 10 inches 

square and was not found large enough, but the present one 10 by 
1.3 inches swong the crane round readily witii 48 lbs. steam; this 
piston had little friction and worked very satisfactorily. 

The Chairmaii moved a vote of thanks to Mr. Morrison for his 
paper, which was passed. 



The following Paper was then read ; 
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DESCraPTION OF A NEW 
8T£AM PBESSUKE GAUGE. 



Br Mk. AX^fiXAHDEB ALLAN, OF ^ertq. 



There are a yariety of gauges in use ior indicating prestsure, acting; 
gOMiraUj on the principle of t]M> (K>t]rc-ti'>n of metallic springs by the 
presntr^; ih» springs being in Tahona Carma, flat diaca, spiral, 
tabolar, and marking the pfesante If an index vp«n a dial, 
propelled by the deflaetion of tlie spring by means ol a multiplying 
motion. The new Ptressnre Gauge, forming the snbjeel of the present 
papor, was dosignod by the writoi* witli the view of ul)tuiuiiig as far as 
practicable a gauge ^Yllic•ll witli great acouracv sliould possess extreme 
aimplid^, indicating the pressure without tho interventiott of any 
mechanism, and be cnpnble of readjusdnent at any moment with^jiit 
interfining with its nse. ISieprindpleofthisgaiigeeQDsistsinmdieating 
pcessnrS) eiUfcor above o? below that of the atmoapbere, by the mote 
or leas oompressed or eopanded oondittQa of a meaaorsdqnantity of air 
oonlalned witldn the gauge ; tins k aeted npon by the pfessore 
through water or other fluid contained within a bent pipe, which is 
attached at one end to the gauge and at the other end to the boiler or 
vessel containing the pressure to be indicated ; the surface line of tho 
water, as seen in a glass tnbe attached to the body of the gange, 
indicates the extent of pressure on a gradnated scale. 

Plates 36 and 87 sboir different forms of this pressors gauge. 
Figs. 1 to Plate B6» show a gauge arranged to indicate piessars np 
to 160 lbs. per sqnara inch above the atmosphere. Tlia hodj of the 
gauge is formed of a pillar of brass A, which may be of any oonTsnient 
external shape ; l)iit the interior chamber must he of the tapered furiii 
shown in the (h awing ; this chamber is cored out and elosed at the top 
by a plugB, and at the bottom by tht three-way cock 0, Fig>. 1 and 5, 
which is supplied ?nth a union joint for attaching to th« bent pipe 
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from the boiler. The brass pillar A has two projections commTinicatiug 
with the interior chamber, bored out to receive the glass tube D, 
which is made tight at each end by being pressed against elastic 
washers hj means of a screwed nnt E at the bottom. The gauge 
haling been proved and marked with a eorrectlj gradoated scale if 
fitted to the boiler in the manner shown in Fig. 11, I^ate 87. The 
bent pipe bent in a U form, is filled with dean water and attached 
to a stopcock G on the boiler and to the gauge A, the three-way cock C 
being open to allow tliu water to rise in the cauge ; the stopcock G 
is theii ojiened, and the pressure acting ou ilie water cootaini'd in the 
bent pipe F forces it up into tlie chamber of the gauge to a height 
corresponding to the pressure ; and the glass tube being open to the 
chamber at top and bottom, the water rises in it to the same hdght as 
in the diamber, thus indicating tbepressnie upon the gradoated scale. 

hk oonseq^oenoe of some air being contained in the bent pipe F, 
the first indication may be incorrect, bnt is readily corrected by 
bliii'n'ng; the three-way cock C against tlic pressure and opcmiig it to 
the atiiios})hore ; all the water in the l)0(ly of the pfnuge then runs out 
and the gauge is left tilled with air above the oriiice of the cock C, 
which being then shut to the atmosphere and opened to the pressnre, 
the gauge will now indicate exactly the amoimt of pressnre in the 
boiler. In order to aUow of ezpeditiouBly emptying the gauge at any 
time of any snrplos water that may have got into it, owing to leakage 
or condensation of Ihe air, a small thnmb screw Figs. 1 and 6, 
with a passage through it is provided at the bottom of the glass tube T> ; 
this is slacked back a few tnnis, as in Fig. 6, while the three-way 
cock 0 is open to the gauge and the atmosphere, enabling the watr r to 
flow out freely throogh the cock, so that the gaucro i>^ accurately 
refillefl with air : the screw H is made tight at the collar by a small 
leather washer. The gauge thus possesses the Teiy important quality 
of admitting of instantaneons readjustment, as the qnantiiy of air in it 
can in this way be remeasnred eyery time it is looked at ; and with 
this facility of correction the errors likely to arise with gauges not so 
easily tested are got rid of. 

This gauge is very sensitive. It is found in practi<'0 that if the 
pressnre be rising the surfoce of the water assnmes a slightly convex 
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form in the glass tube, and if falling is slightly concave ; the extreme 
■mount of concavity and conyexity is not more than 0*1 inch^ and yet 
indicatea the slightest ehaoge in the pressure. The gftoge being 
etnaposed of saticoTrosiTe materials is not subject to deterioration : 
the glass tubes are all made to gauges for length and internal diameter, 
so that shonld one be broken by aoddent a change of glass will not 
affect tlie indications or require a.u alteration of scale : lunl the (ul»os 
will stand a pressure of 5<M) lbs. por square inch. The inside cliainber 
of the gauge i& made of the tap red form shown in Fig. 7, Plate 87, 
for the purpose of getting the divisions on the grnduated scale nearly 
equal throughout ; for with a parallel chamber the divisions are large 
at first and gradually diminish under higher pressures till they become 
too minute for obserration. The screwed plug B, Fig. I, closing the 
chamber at the top and the end of the cock 0 at the bottom are nsefol 
for rectifying any little defect in the (■astillL^ as the volume of air 
under pressure in the gauge may be iiicreased or diminished at top or 
bottom as may be found necessary in proving the gauges. 

Figs. 8 and 9, Plate 37, show a modification of the gauge for a 
pressure up to 50 lbs. per square inch ; the only difference from the 
previous gauge being the insertion of the tube 1 above the cock 0, 
whereby the quantity of air subjected to pressure is less, being 
determined by the height of the top of the tube I, which may be varied 
to suit any pressure between 50 lbs. and 150 lbs. ; this arrangement 
also tends to sinii litv the mantifactnre of the gauge. Fig. 10 shows 
the sinii»lest moditicaiiou of the gauge, having a tapered glass lube A, 
sealed at the top and held at the bottom in a metallic base, being made 
air-tight by means of elastic washers : it has been found however that 
tiiere is great practical difficulty in making the glass tabes of the 
comet form so as to get a uniformly graduated scale ^ and therefore a 
metallic chamber as previously described answers better in practice. 

In Fig. 11, Plate 87, the steam pressure gauge A is shown 
attached to the weatherboard of a locomotive boiler, witli the bent pipe F 
an*l stopcock G c<'nnnuiiicating Avith the steam s|>ace of the boiler ; 
this arrangement is preferred in order to get pure water by condensation, 
and for the same purpose the pipe F should be as large as convenient. 
If the gauge be frequently corrected, the water in tiie pipe must not 

a S 
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ha allowed to become heated, otherwifie it will interfere with the 
correctness of tlie indications ; tin's will not however occur unless the 
quantity of air in the gauge be remeaaured more fre^uentlj than is ' | 
necessary. "> ] 

Wig, 12 shows the provincr ^ppamtaa used in making the gaoget. 
It oonnatB of « iMraaa pamp J having anon exactly 1 Bqnare ind&area, 
whioh is fitted witit a piece of leatlier eaiefnlly tuned to more freelj 
in the pnmp ; the weight is applied direetly to the ram by means of 
flat metal weights K suspended by a rod, and the lerer L is used for 
relieTing the Aveiglit. There is no sensible friction in the appumtus, as 
it is very ransfiilly made and fitted up ; and it is uow .so correct that 
np to a pressure of 200 lbs. per square inch it is accurate, and cheeked 
hy a Bourdon gauge is found to agree to every 5 Ibe. added. The 
drawing shows the improved gauge A attached at one side of the 
pnmng apparatus and a Booxdon gauge H at tiie other. 

Ahoni 18 high preesnie gauges are now in use on steam boilers^ 
and are working well and giving every satisfietction. * 



Mr. Allan showed specimens of the preesnre gmgesy and a 
working model of the testing apparatus used for adjusting them, 
showing the indication of a gauge at different pressures ; and the 

action of readjusting the gauge by letting out and renewing thesup|>ly 

of compressed air in it. He oltserved that hh object had been to 

obtain a gauge giving a direct indication of the pressure, without the ^ 

intervention of any machinery incurring the liability of getting out of 

order, and one that could at any time be readily tested and readjusted 

without requiring removal firom its place or any special arrangement. 

The gauges for different ranges of pressure were alike^ excepting in 

the difference of size of the lower parallel portion of the air chamber ; 

and the only difference between a 100 lbs. and a 50 lbs. gauge was m 
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baring the lower part oi' the cUauber shorter for the lower preeaare, 
ao aa to contain a amaller quantity of air aa the unit of volume for 
meaanronent ; the cnryed ahape of the interior of the gauge then 
allowed the diviaiona to be nearly uniform thronghont the aoale in both 
caaea. 

Mr. Ti. r.. Losuuiix.K tboTiglit il was an insfenioiis pluii for 
rtiiioving ike ubjectiou attaching to previous compressed air gaogeSy 
that the indication waa iiabii^ to become permanently wrong by some 
. ateam working ita way np through the meteory to the anrfiMe; the 
anangement for readjnatment in thia gaage waa certainly reiy ingeniona 
and aatia&Gtoiy: tiie nnifonn graduation of acale waa aJao important. 
He enquired what waa the coat compared with the other preaanie 
gauges in general use. 

Mr. Allan rojilicd that only a BUiall number of the gauges had 
been made yet, and the question of cost had not yet been considered; 
but it was not likely to be more than that of other presaiire gaoge8| 
and would probably be leaa. The object at preaent had been to get a 
really accurate preaaure gauge, that could be fully relied upon and 
adsdtted of instant cheddng and readjuatment. 

Mr. E. A. CowniR thought the principle of the gauge waa a very 
good one, and it was likely to prove \ ery serviceable. A metallic 
spring was snl'ji ct to error from straining or partial losa of elaisticity, 
and metallic gauges were all liable to get somewhat out of order in 
eonaaqnenoe ; and there was no means of ascertaining and correcting 
the enor except by incurring the trouble and tnconTenienoe of removing 
the gauge and apedaUy teatiBg it. But an air spring could not get 
out of Older, and the very iugenioua contriranoe for renewing the air 
whilst at work effectually removed the objection to previous compressed 
air g'auges ; for air under |»ressure wa.>. al'sorbed to a small extent by 
water, and tliereforo required renewal iiidepeadeiit of any loss fronv 
leakage, as was shown in the air vessels of pumping engines where a 
constant supply of air had to be puni{>ed in to prevent them from 
becoming gradually emptied of air. The tapered form of the air 
chamber giving nearly imiform graduation for the scale of pressure 
waa an important advantage over the former compreased air gauges, 
where the higher divisi<ms of pressure were so small as to be of little use. 
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From the simplidtj of oonstraetion of the gauge be ihonglit it must 
prove economical in make as well as maintenance ; and the oon- 

tinned accuracy ensured by the ready means of testing aud readjusting 

it was aa iuiporUiut puiut in giving conlulcnce in its use. * 

Mr. J, T0MLIN8ON had tried the gauge, and had had one of them 
working at 120 lbs. per inch upon a locomotire on tiie Xaff Vale 
Bailway for about a montb; be found it work Teiy satisfaetorily, and it 
appeared the best gauge of anj he had yet tried; the indications 
were yeiy conract and kept in correspondence with the safety Tslve. 
Metalfio pressnre gauges he found generally indicated to a certain 
extent too high after being some time at work ; Ihcj were also liable 
to be spoiled by over-strnining or Im iikiiitr, if the high piossme btcam 
were let on with a sudden blow : but the new compressed air 
gauge was quite safe from injury. The only precaution that was 
obserred in using it was to take care to leare the syphon pipe idways 
chaiged with water at night, so as to haye the gauge ready for action 
the next day without having to wait for a supply of steam to fill the ^ 
pipe again with condensed water; but even this process caused very little 
delay or inconvenience. He had fixed tJie gauure at lii st ^Yith a sypbuii 
pipe only 2 feet loner, but fonnd a Innirer pTpe was prefVuable in order 
to keep the wuter culd and maintain a good supply ; the gauge was 
now fixed with 6 feet length of pipe, which proved quite satisfactory, 
and remained constantly cold beyond the first 1 or 2 feet of length : 
and he fbund no difficulty or inoonvenienoe in the working of the 
gsuge. 

Mr. Allav said he had tried the gauge continuing for a fortnight 
at work on a locomotive engine with the same water and air in it, and 
found it remained very nearlv correct in indication : but as the means 
of Gbauging was so simple and ready, the custom was to shut the 
water in the syphon pipe at night, and the engineman empUed and 
rechaiged the gauge evei7 day, when trying the other gauge cocks on 
coming to the engine in the morning. A little difficulty was 
experienced with this at first from the code of the gauge being turned 
too often, and the supply of water wasted ; but the men soon t into 
tlie way of working the gauge regularly, and keeping it right without 
difficulty. 
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Mr. R. Brown bad one of the gauges wurkiug for some months 
attached to the dome of one of the boilers at the Patent Shaft Works, 
Wednesbmj, and was mach pleased with its action ; it had kept in 
eomplete order without aaj trouble, and was so sensitive as to show 
each stroke of the engine by the flnctnatioin in pressine. Looking at 
its simplidtj of constniction and freedom from liabilitj to error or 
derangement, ho thought it tJic best plan of pressure gauge he was 
acqimiiited with. 

Mr. B. FoTHERoiLL thought it a very sensible construction <»f 
gauge, and one likelj to prove veiy satisfactory in working. He 
moved » vote of thanks to Mr. Allan Ibr his paper, which was passed. 



The following Paper was then read 
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DESCRIPTION OF 
HASTE'S IMPROy£D SAFETY VALVE 
FOB STEAM BOILEBS. 



By Mb. wnJJAlI KATLOB, of Loxdok, 



In tlic explosions of steam boilers, \vliicli are still of frequent occur- 
rence, the cause of the explof^ioii too ol'teu remains a mysterj, and is 
not satisfactorily ascertained so as to aA'ord a guide towards guarding 
igainst the recurrence of such accidents. The author baa a strcmg 
impreaaiim tliAt in aerenl oaaae of boiler aj^kiaioiis iha erne haa been 
amply over-preaanre bfiiyond Hie caleolated or knoim praaam m the 
bdler $ and that the over-preaanre iraa canaed by the aafety Talve in 
nae not carrying away the steam aa ftat aa it waa generated. In three 
cases that came under his particular observation, the firing was going 
on as if th<^ encjines were in full work ; whereas neither were the 
engines at work, nor was any feed water being pumped into the boiler 
for aome 10 or 15 minntea before the exploaiona took plaoe: 
conaeqiiently the boilers were generating aa mneh ateam aa ironld hm 
ai^fied the enginea at work; and in addition the amoimt of fbel 
required for heating the feed water from the temperature at whidi it 
entered was spent alao in generating steam, so that more steam had to 
pass away through the safety valve than was neccssaiy to work the 
engines at tlieir full power. 

A safety valve loaded to a certain pressure per square inch, so that 
whenerar that pieasnre is attained in the boiler the least addition to it 
will canae the ateam to begin to eaei^yia not by any means agnarantee 
thai the ateam will be eafried away aa faat aa it ia generated, and no 
aorplna preaanre allowed to aoeomnkte in the boiler abore tiiat at which 
the valve ia loaded to blow off; and it appears from experience that 
ordinary safety valves do not cfilct this object, as furtlier shown hy 
experiments afterwards described. At the time when 50 lbs. per square 
inch was the working pressure in locomotive engines, aay 25 years ago, 
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tie [)i"acticc was to liavc one valve loarled I'V a lovor and f!]»rinc: balance 
to bO lbs. per square inch, and a second valve similarly loaded up to 
60 lbs. per square inch. Tbc author has frequently noticed that when 
tiie one at 60 lbs. wm Viewing off strongly the one at 60 lbs. wonld * 
begin to blow off, and often both valves wonld blow off very strongly ; 
proving that tiiere mnst be a sniplns pressnro of at least 10 lbs. per 
sqnare inch above that at which one vahra was intended to cany the 
steam away as fast as it was peiieratcd. Siicli valves loaded by levers • 
and spring l>alaiices are very generally used on boilers supplying 
moderately high pressure steam to stationary engines, and also on 
loGomotive engines ; but they aie defeotiTe nnder the most favourable 
ciionmstances, if required to pass any great aaionnt of steam ; and 
they are open to the objeetion that they may he overloaded by weights 
being added on the lever. In this respeot there are a few valuable 
exceptions) bnt only a very few, in use at the present time. 

The want of a suflicient nnioimt of water in the boiler is also no 
doubt the chief cause of many explosions of stt>am engine boilers, more 
especially those attached to stationary engines. For by the water 
getting below the top of any portion of the heating surface which is 
acted upon by the fire, that portion soon becomes overheated and 
reduced in strength, until it is unable to bear the pressure of the steam 
upon it ; under these circumstances something must give way, and the 
result must be an explosion. 

It is therefore desirable that an arrangement of safety valve should 
be adopted wLieh will aeeonipliisU the three following objects: to carry 
oft" the steam as fast as it is generated above the jires-sure the boiler is 
intended to work at ; to be entirely out of the reach or control of any 
one to tamper with or overload it ; and to be so arranged that, in the ' 
* event of the water getting low in the boiler, the valve shall blow off 
steam and avoid the possilnlily of any explosion or injury bqrond the 
burning of the plates if moro water be not supplied. 

The plan of safety valve formln^^ the subject of the present paper, 
which is the invention of Mr. J. Haste of Leeds, lias provrd highly 
successful in acconipllsiiing these objects. The arrangement is 
represented in Fig. 1, Plate 36, showing a section of the valve and 
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its connexion with the boiler ; Fig. 2 shows a seetioiL of Um vahre 

enlarged. 

The rah'fi A, by which tlie steam escapes into the atmosphere 
when the limit of pressure is exceeded, is made with two fieata, tiM * 
upper om being 6 iaohet diameter end the lower iaehee dieoMfter, 
the diffinenoe bflang 1-39 aqvare hioh tree. Hie steam presses <m both 
ends of the "nlre, passing up through the middle of it, so that when 
the valye is open the steam eeeapes at both ends into the easing 
surruuudiii,L( the valve and llicuec into the atmosphere. This valvo is 
T\ot moved olTits scats by the steam actinir npon the dilTt'ience <jf area 
of the two ends, but is forced open hy steam acting npon the piston B, 
the rod of which presses upon the valve A. The small snf< fy valve C, 
hy whieh the Unit of pressure of the steam is iixed, is loaded by a dead 
weight D enclosed in a chamber and goided at the top by a smsU 
piston E worldng in a i^Bnder of the same area as the Tslre C below. 
Whenever the preemm of steam in the boiler exceeds that to whieh 
the 8mull \alvu C is loaded, it will be raised from its seat; and the 
steam etjcaping will accumulate iu pressure upon the top of the 
piston B. The area of this piston is 7 square inches, or nearijr 6 times 
the difierenoe of area of the vahre seats A. Tidcing the pressnre of 
steam in the boiler at 85 lbs. per square inch, there is a force of 42 lbs. 
tending to keep the eseape Talve A closed, eqnivalent to a preesare of 
6 lbs. per square inch on the mider side of the piston B; so that when 
the pressure above the piston has readhed 6 lbs. per square iwh, any 
increase of |)ro^f«nre must open the escape valve A : and if there be a 
pressure of iVo ibs. per square inch npon the piston B, this u'ivcs a 
force of 245 lbs. tending to open the escape valve against a resifitance 
of 42 lbs., leaving an effective force of more than 200 lbs. to open the 
escape vabre A. Upon the ama of opening effoxded by the ysItc will 
depend the effidenqy of its action in preTenting a snrplns pressnre of 
stesm from aoonmnlsting in the boiler. 

One of these safety valves, of the construction shown in Plate 38, 
is attached to a boiler at the worlcs of Mesprs. Bray and Waddington 
of Leeds. The boiler is 24 feet 3 inches long and 6 feet 6 inches 
diameter,, with two flues of 2 faet 6 inches diameter, and firebars 6 feet 
long in the fines, ghring an ana of firegrate of 30 sqoare feet : it 
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supplier 8teaMi t > three non-ocmdttiaing enginefi oi 34 total hoi*se 
power, working *4 35 lbs. per Bqnare inch pressure. In order to 
Meertain bj ezpeiiment tke •otaon of tKe Talr«, a pressaro gauge was 
siMiadied to tiie top of ih» cihamber J) in additm to one placed on tho 
boQer : the small teIts C was loaded to 85 lbs. per square inch. After 
vuDf trials wiih ihe wliole of the steam ihst the boiler eoM generate 
passin^^ tlirou^li t1i«' escajKJ valvA A, the pressure did not exceed 
37 lbs. per s^quare inch in tlio lioil. r or a surplus pressure of 2 ll)s. ju r 
iiicb. The ¥alve A was then purposely prevented from blowing off 
QAtil there was a surplus pressure of S lbs. per sqnare inch npon tiie 
piston B as well as in the boikr, as shown bj the two pressure ganges; 
the valT^ A was then ibroed ftill open hf the pvessue of steam, and it , 
was foimd that the pressure in the boiW was rednced to 35 lbs. per 
square inch in a few minutes. 

hi order to u^certuiii the real value of thii> i»ai'ety valve as compared 
with the ordinary valve, the following experiments have been tried by 
the writer, in which every cere was taken to prevent error in the 
tesnlt : the fires were dean and free from clinker, the fuel good coal 
and well ignited ; none of ilie engines were at work, nor was there 
aajr outlet for steam to eseape ezeept thoee intentionally allowed; 
nor was any feed water pumped into the boiler daring the time of 
experiinont. 

The lirst object in the trials whs to a&ccrtnin how fast the pressure 
of steam could be raised to the point of blowing off; say from 5 lbs. 
np to 35 lbs. per sqnaie inch. Hus time was fomd to be 18 minates, 
making 2*8 lbs. rite of pressure per minnts. 

The next object waa to see bow the preasnre would be affected by 
an opening of 1 square inch area being allowed for the steam to escape 
through ; and when thc^pressure had been raised to 35 lbs. per square 
inch, .1 slide valve was o])en(Ml turning the st^^am into a 4 inch branch 
pipe, upon which was* bolted a plate with a hole of 1 square imh area, 
throngli which the steam escaped freely into the atmosphere. It was 
then foimd that the pressure in the boiler oscillated between 85 lbs. 
and 48 lbs. per squaie inek; and at the end of 45 mimites the 
masdmum of 48 lbs. pressure waa attained. The sHde valve was then 

c 2 
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shut aud the steam turned on so as to pass out bj the new safety 
valve, shown in Fig. 1, Plate 38; the pressure gnnge on the boiler 
and that on the chamber D both showed 43 lbs. per iacb, aad the 
Mcape valve A was instanilj forced full open and down upon tlMstada > 
below.it. The preesiiTe m the boiler waa ihen redoced by the valye 
from 48 lbs. to 88 Iba. in the fiiet 5 nmintes» and Bnallj to the 
ordinary worlring preaenre of 85 Ibe. in 15 minntea. , The firing for 
the whole hour liad been much forced, and waa much above ^ai 
necessary drive the engines in their ordinary work. On ob.serviug 
the water level it was fonnd that in the hour 57-5 cubic feet of water 
had been evaporated into steam, which would be snfiioient to have 
supplied a 60 hone power engine. Hence with this generation of 
steam a hole of 1 square inch area was sn0Bioient to keep iiie pressors 
down to 48 lbs. per s(|nare inch daring 45 minntes ; white with the 
new tafiety valve the pressore was rednoed to 85 lbs. in 15 minntes. 

An ex|>erirnent was then tried to ascertain how far an ordinary 
safety valve of inches diameter would keep the pressure from 
accumulating in tlie boiler above that at which it was set to blow off. 
The valve was loaded by a lever and spring balance, as sho^vn in Fig. 8, 
Plate 88 ; and 1 lb. on the balance was equal to 1 lb. per square 
inch on the valve. When fhe pfessore gauge npon the boiler showed 
48 lbs. per square inch and the spring balanoe was set at 48 lbs., there 
was a very slight blowing off at the valve, showing that the pressure 
gan,u:e and spring balance agreed. The spring balance .was then slacked 
back to 30 lbs., albiwin^ir tliP steam to l«lo\y off freely; in f) minntes the 
pressure gauge on the boiler showed IC lbs., in another minutes 
46| lbs., and in 5 minutes more 46 lbs. Thus for 15 minutes, with a 
valve loaded to only 80 lbs. per square inch above the atmosphere, the 
actual pfesBure in the boiler was 46 lbs., being u surplus of 16 lbs. 
above the pressure that the valve was a^juste^to blow off »t, or 85 per 
cent, of surplus pressure. In tiie previous experiment it has been 
seen tluit an opening of 1 tsquarc inch area earried off the steam as 
fast as it was generated, without allowing the pressure to exceed 4t> Iha. 
per square inch. But in the present case, with a valve of 3| inches 
diameter or 11 square indies area, in order to give an opening of 1 square 
inch area round the drcumfersnee, *085 ineh width of opening would 
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Iw required, or *122 inch ▼ertkal lifi of the Talve, the emmfmtsm 
being 11*78 inches, and the faee of the vahe being inclined at an 
aitgle of 45^. This lift of the Tal?e would extend .the sfning balance 
1*84 inch, the leverage being 3^ and 35| inches; and as tlio scale of 
the spring balance gavi; 12 lbs, for each inch of extension, an excess of 
jnessiiro vt' 16 lbs. per square inch would be caused by thi« lifting of 
the valve in I flowing olf, wiu<^ would give an area of opening of only 
1 square inch for the steam to escape. This result agiees with the 
observed suiplus pvessure of 16 lbs. per square inch. In Hbe oidinafy 
safe^ valves there is also frequently a cause of ovor-pressure, in conse- 
quence of the valve being enclosed in a chamber, from which the steam 
escapes through a pipe into the atmosphere : if tlio stcaui is roaring 
through this pipe there musi be some pressnre of steam in tlic cliamber 
to occasion that roar, thus causing an increased pressure on the valve 
above the limit to which it is intended to be loaded. 

The oiher source of explosion, — ^tihe want of water in the b(nler, — 
is provided against in this safety valve by the float F, which on foiling 

below its proper level opens the escape valve A, and lets the steam 
escape from the boiler to the atmosphere regardless of its pressure. 
The author has found by repeated trial and the results of rej^fnlar 
working that, whenever the water gets below the working level in the 
boiler, the float descending with it opens the escape valve, allowing 
the full opening for the discharge of the steam, and the valve cannot be 
dosed sgain by any other means than the proper siqiply of water, 
nosing the float to its original level. In experimenting upon the 
boiler, when the escape valve was opened by the float to the ftjl extent, 
the pressure of steam was reduced at the rate of 2 lbs. jier s<(uare inch 
per juiuute. The loud noise of the steam escaping could not fail of 
itself to call attention; but even if not attended to, the only result 
would be that the steam would be all let out of the boiler, and the 
engine stopped, all danger of accident being avoided. 
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Mr. Naylok bhowcil ti geetional model of the valve and ajiijaratus, 
and observed that the object wa^ to ensure tbe preBSure in the boiler 
never risung beyond tbe iatended limit, by openiog an esoi^ for the 
gtMDd when that limit waa readied equal to the passage of the whole 
quaiitilj thai the boiler was ei^>aUe of genentiiig, and ensaxiiig this 
j>assnge being kept open until the piessnie feu just Mow the fixed 
limit. The ordinary safety valves did not provide for this, and although 
there were some excellent constructions <>f xals to prevent overloading, 
such as Mr. Fenton's and Mr. liamsbottom's safety valves, there was 
still no provision f r preheating the pressnie rising beyond the intended 
point when the boiler was generating stesm rapidfy, although the 
safety Tslve was in setion; and a sapplementaiy talve was reqiiiied for 
tibos pnipose, which woold give a large area of disohaige, Ij snddsn^ 
opening as soon as the liniit of pressnre was reeohed, efFeetoaiUy 
preveiitint^ any increasL' of prci^sure beyond tliat point. The same escajw 
valve was also made to act in this apj^aratua to disdiarua' the steam 
if the water in the boiler sank below the proper level; and it had this 
additional secnrity against accident, that the ooTitimiod escape of steam 
could be stopped only by the softly of water being sgain raised to 
the propsr level : thns entirely preventing any risk of eacp]osion» and 
aetiag as a strong indneemont to the nttendsnt to prevent n fell of the 
water level from occorring. 

^Ir, 1>. l^>THi:ni; ILL observed tlmt the principle of o|tenin<: a 
supplementary escajie valve, and causing it to bo kept open so hint; as 
the pressure exceeded a tixed limit, was certainly an efficient one for 
ensuring the pressore being always limited to tliat point, which could 
not be ^^eeted by safe^iy valvss with spring balances ; and if saoh an 
nppamtns were simple and certain in its action, so that it conld be 
folly depended upon, it woold prove an impertant sonroe of safety in 
steam boilers. He hsd seen a safety valve on that plan, contrived by 
Mr. Kay of r>uiv, that had been before a former meeting of tho 
Institution, which he hclieved was woikiner snccessfully. 

The Uhaiiiman thought in any arrangement of the kind there still 
remained the objection of risk of the safety valve sticking ; and in 
this plan the whole action depended npon the small safety valve 
keeping all right, which was liahle to the same risk of derangement as 
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ordinary safety valves, and in a greater dcj^^rce on account of its smull 
BfM compared with its length of circumference ia ooniact with the 
ntting. It appeand to him doubtful whether it was a aafa oouia to 
panne, to make the ealety of the boiler dependast on ike aetion of a 
nsgk small ysIto, as waa in aftei tiia ease in soeh an aiTaiig«meDt ; 
aod he thonglit it would he more eomot to in c rea se the aiea or 
number of the safety viil\ o<i, if tlu y were not found sufficient to keep 
down the pressure witliin safe limits. He euLj[uired how long the 
apparatus shown had l>een at work. 

Mr. Naylor replied that it had been working regularly for 1} year, 
and had pfored qmte snooessfiil, and no imperfection had been fbnnd 
in its action. Hie action of ilie sscape valve was certainlj detpendent 
npon the small safety vahe, bnt he thonght this was bj its oonstmction 
very free from risk of derangement and might be safely relied upon ; 
and tilt' |ir<'ssiire upon it oould not bo increased. The large area for 
discharyo of stoani given by the sudden opening of the escape valve 
was he thought a more efficient provision fur preventing any increase 
of pressnie than could be pfaotically obtained with ordinary safety 
▼alves with spring balanoes. 

Mr. H. MaixdsziAT obsemd that in marine engine boflera il was 
wroal to pnt two large safety vahrea, either of whidi would be snffieieat 
to prevent any material increase in the boiler pressure, so as to afford 
a safe jirovibiou even in the case of one of the large valves failing to 
act from any cansc. In safety valves he thought it was objectionable 
to have anything like a piston valve, on a< connt of the liability to 
deposit coUeoting npon the rubbing sorface and causing the valve to 
stick ; and more particularly in the ease of a looked up valve where it 
was liable to be left unopened for a long time, and a deposit might 
fonn, though very slowly, sufficient to impede the proper action of the 
valve. It was the esseatia] point to be aimed at la any eonstmetion 
of safety valve to ensure certainty of action, m well as freedom from 
liability to derangement. 

The CuAiEUAM moved a vote of thanks to Mr. Kaylor fer his 
paper» whieh waa passed. 
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The Meeting was then adjourned to the next day, and the Members 
proceeded to visit the Flax ^lill of Messrs. Marshall h Co., and 
several other engineering and manufaotuiiug eetablishments ih^i were 
thrown open for their inspectioa. 

In tlM erening the Members and their Menda irere invited by the 
Local Gommittee to a Convertadone in the Vietaria Hall of tiie 
Town Hall, .where a, number of engmeeiing models, drftwings, and 
phot()gra]>hs, philosophical instraments, and an eztensiTe sense of 
objects under microscopes, were exhibited. 



The AnJOURirBn Mbbtdto of the Members was held in the Civil 
Gonrt, Town HaU, lieeds, on Wednesdaj, 7th S^tember, 1869, at 
half-past ten o*dock ; Jomr Furir, Esq., Flmident, in the Chair. 



The following Paper was read 
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ON THE APPLICATION OF SUPERHEATED STEAM 

IN MABINE ENGINES. 



BY THB PHESIDINT. 



Au opiuion in favour of Superheating the Steam supplied to steam 
engines has long existed, aud it has been maiiitumed Uy many that 
important advantages iniL'Itt l»e obtained from thlB princi|>le : thongh 
until noenily bat fiUle hm been effected in its pfactical application, 
«nd mnch doabt hM been felt aa to its adyantages proyin^ sufficient 
to lead to its general adoption. The derelc^nneni of the principle baa 
[nrobably been chet^ed !>} exaggerated ideas being entertained respect- 
ing its advantages ou the part of its earlier advocates; and also by 
somewhat incorrect views of the aetion of superheated st^^aui, leading 
to attempts to carry the superheating to an exoeasive degree^ thereby 
involving mach extra risk of failure and stoppage of the appantnsi 
and tendittg to disconrage fbrther porinit of the objeot. 

Snperiiaated steam seeniB to bave been dafinitelj tried abont 
27 yean ago hj Mr. Tbomaa Howard of Botherbithe ; bnt in this case 
the boiler or yaporiser was dry, and only enough water wns injected 
at each stroke of the engine to supply the necessary <[uaiitity of steam. 
It would appear from the experiments ma<^le that very considerable 
eoQttomy was eiTected ; but although the apparatus thoroughly estaln 
Hshed the principle^ it was too delicate in its constmctioD, and was 
for this reaaon given np. Mr. Howard appeared to be fnUy alire to 
airthe advantages of Ihe system, and always expressed bis opinion 
that there was a loss of 80 per cent, in an ordinary steam engine, 
wbidi would be reooyered by supeibeatang ^e steam. Soon aHerwards 

the late iJr. llayeraft of (ireenwich took u\) tlie subject and advocated 
it strongly, being eonvineed that great advantages w«tuld be obtained 
by superheating the Hteam in engines ; and he uaed to express his 
confidence that the time would come when the principle wonld be 
generally adopted, and that a saying of 80 per csnt^ in the consnmp- 
tion of fbel wonld be thereby effected. 
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The importMioe of ihe pimcipk wm first impreeMd opon the writer 
many ywurs ago by Mr. Howard and afterwards by Dr. Haymft, with 

both of whom he was very intimate ; and he has become satisfied from 

the results of experiment and observmii ai lliut important advantacfes / 

in economy of fuel may be obtained from the system ; the main j 

question to be settled being whether it involvea any serious practical i 

obj^tion from ooii]|>lication of apparatus, risk of detaogement and 

fialure, or difficnUy in lubrication of the engine. The reoent trials he 

has mads on a large soale h»Te led him to the eondinsioos 

niat an adirantage can be obtained from iha use of superheated 
steam amounting to an economy of fuel of from 20 to 80 per cent, iu 
mai'iiie fiiiciiit's ; 

That a moderate extent of superheating enables all ihe importani 
advantages of the plan to be obtained ; 

And that apparently nothing objeetionable is then neoessarily 
inyol?ed from extra wear and tear, risk of ftilnre, eooipUoaticHi of 
i^^Muratns, or £ffioolty in Inbrioation. <*' 

The real sooroe of advantage in employing superheated steam 
appears to be iu preventing tlie presence of any water in the cylinder 
of the engine, and enanring that the cylinder sliall never be oceui)icd 
by anything but pure steam ; making it a real steam oiiL^qne, instead 
of one working with a mixture of water and steam. In all condensing 
engines the interior of the cylinder being open to the oondenser during 
half the time of each revelation of the crank is in oommnnieaticn 
daring that time with the low temperatare of the coadaaaer, or aboot 
lie* when the vacnom is IB) lbs. per inch below the atmoqihere or 
27 inches of mercury, lliere is consequently a rapid radiation of heat 
from the sides and end of the cylinder, cooling down the whole mass 
of metal. The steam admitted into the cylinder in tlie next stroke, 
at a temperature of 2G0^ if at 20 lbs. per inch above the atmospherBi S 
ooming in oontaoi with these cooled sur£Mes> heats tham np i^ain^ 
being robbed thereby of a portion of its heat; and the eonseqaenoe is 
the deposit of a qoantity of water in the cylinder, from eondensati<» 
of an amoont of steam proportionate to the qnsntity of heat imparted 
to the metal of the cylinder. A portion of this water in the cylinder 
may W evHporated again into steam towards the end of the stcoke, by 
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canying the exp«ii«ioii of the ateam down to a Baffidenily low preeswre; 

bot even then its effective value as steam in propelling the piston will 
Lave been lost during all the previous portion of the stroke. The 
engine must in fact be looked upon as only in degree better than 
Kewcomen's atmospheric engine, in which the whole of the steam was 
condensed in the oyBiider st each stroke; a&d the adyantagea of 
WMs giest inyeiktioii of oo&denaatlon in a eepamte Teasel are not 
foUj rwalimwi until tlda aariona delBot ia nmoTod. Now if aa mneh 
heat be added to ateam by supeilieating it More entering the 
cylinder aa will sii])i)ly the amomit of which it is robbed by the cylinder, 
it will remain perfect dry steam throughout tlio stroke, and not a diup 
of water will be de[)osited. This the writer believes to be the mode 
in which the superheating of steam acts in producing a saving of 
ateam and oonseqneot economy of fuel, by pieventing the eztenslTe 
wiato ol ateam tliat ocdiiianlf takee plaoe : and this indieatea the 
extantto -wbiciiihe aoperlieating can be earned with aaj great adyantage. 
Hie writer beilievea fliat an addition of 100^ of heat to the temperatore 
of the steam ensures the aooomplishmeiit of the desired object witiii 
8tt;uiii at 20 lbs. per inch above the atmosphere, as used in marine 
engines ; the steam is tlius heated from 2 GO** to a temperature of SGO", 
and is then only about as hot as the ordinary high pressure steam of 
120 lbs. per ineh used in looomotiTe eqginea. 

Hie plan of siqpeilieaiuig tkie ateam Mbre entering the cylinder is 
a ample and tAigible mode of attaining tin deatred object, and appears 
also to he preferable to a ateam jacket. For when the steam is supplied 
to the jaeket from the same boiler as the cyliuder, the suj»ply of heat 
to ihe metal will be slower than in using superheated steam, owing to 
the diHerence of tempe^ure being less ; and to carry out the object 
fully req^cdiea the steam in the jacket to be superheated, and the 
ey^dsr corora to be also jacketed^ ainoe in the short-stroke marine 
engmes wliere the diameter is neailj double the length of stroke the 
area of the two coveis or ends equals ^t of the sides. Bat even 
then the iqspHeation of the heat by the steam jaeket is ontaide the 
cylinder, and the heat is delayed iu its action by having to pass 
throntrli the thick metal ; whereas by the mtroduetion of superheated 
steam into the interior of the cylinder the object is accomplished iu 
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tlM most direoi numiier, bjr limtiiig the swlaoe with which the steam 
eomefi in eontaoi, uid eYeu a momentaiy chiU of the atetm down to 
tiie oondenung point is entirdy preTented. snperheeiing the 
Bteem with the waste !ie«t of Hie smokeboz, not otherwise wefally } 

available, uU this tlicct is obtained without cost; but with the steam 
jacket tliu heat used has to be .si!]»plied from the boiler. An iiii])ortant 
practical advantage attending the use of superiieated steam is obviously 
that all objectionable joints for steam jaokete are avcttded ; and the 
cylinder being lelted and lagged the same aa the steam jaeket^ there 
will be no more loss of heat hy radiation from tiie ontside. 

The mode of anperheating the steam may he yaried in many ways : 
a general principle to be %iined at being to make use of the waste heat 
for thi.s purpose utter leaving the builer, so as to aecomjilish the 
superheating without any cost of fuel ; and to place the apparatus 
where it will not be exposed to injury from too great heat. The 
snperh«atiug apparatus has generally been placed in the smokebox or 
Intake flae in marine boilerS) and has oonsisted ol fiiggots of tabes or 
oails of pipe for the pnipose of obtaining the rsqiumd eztoii of 
hesting sniiSsoe within % limited spsoe. 

He accompanyiner drawings, Fig^- ' «»d 2, Plates 31) and 40, 
show the arrancrenient used by tlie writer and employed in a recent 
extensive trial oi the plan in the Valetta steamer of the Peninsular 
and Oriental C n^t^pany, of 260 Qominal horse power, running betweoi 
Malta and Alexandris. In the smokeboz AA of esoh boiler are 
placed two horisontal fiiggots of tobes BB, farming the siqperheating 
apparatus, each oonsisting of 44 wrought iron tubes 2 indhes diameter 
inside and 6 feet 8 inches long, placed in vertical rows witii clear 
spaces between them hon/.onlally for allowing ready access in cleaning 
the boiler ; these spacer are left 0|»po8itc each row ol lubes in a tulmlar 
boiler, but in the present case the boiler is constructed with Mx. Lamb's 
vertical flues in place of tubes. The superiieating tubes BB are fixed 
into the three flat chambers COO, which an made of wronght iron 
welded np »t the ooniers and closed ead& with n euigle fiinge joint. 
The steam is supplied from the boiler to the centre chsmber through 
the stop Talve and pipe and is taken off from the end chambers 



Digitized by Gopgle 



8CPSRBBAT8D AX£AJI. 



by the Btop yalyes £E commiiuoatiiig wiih the steam pipes FF 
leading to the engiiuB. Hh» steam is thus msde to j nss thyoQ^ tlie 
SQperiieatiiig pipes on its msj to the oylmders, and beeomes super* 
bested bj tsklng up s portion of tke waste heat seeing from the 
boUar fines before Teaefaing the uptake floe Q leading to the ehiniDey. 
The steam pipes FF have also the ordinaiy direet conummlofttion 
^Yi^h the boiler tliroUitrli the second .stop vulvib llil. so that tlio whole 
fiupeiheating fti)}mratii8 or either liaifof it cau rcadUy be shut oJft' and 
dificonuected at any time if desired. 

The vesftel has made two trips from Malta to Alexandria and baek, 
a total distsDoe of 8276 miks^ ivith the snpeiheating apparatus ; 
and then two of the same trips witfaont the i^paratus, but with no 
other alteration. The reeult was a saring of 20 per eent. in the 
eonsnmption of fuel, alihongb the men were not experieneed in the 
iniuiairement of the apparatus ; and tlicrc ajipears every reason to 
bulievo that when the apparatus has be€U a little hmger time in use 
the saving will be still greater. The mam objeoi kept in view iu the 
detail of construction ol the apparatus was to ensure a simple and 
durable plan that would not nqmte any repairs fox a long tune ; and 
for this purpose the supefheating tabes were made a thorough 
meebanicai fit, and free from strain of expansion tending to make 
them leaky. T^e wrought iron tubes are ^ inch thick and have thick 
ends welded on to them, as shown luill lull size in Fig. riute lU : 
thetie are turned down to a stjuare shoulder, and all correctly to the 
same gange for length, and htted tight iuto the holes of the tube 
plate, wlkioh is also planed on the face and aeeorately bored ; the tnbes 
are then pressed into their plaoes all at onoe by the plates being drawn 
togefter with screws, and axe made stesm-tight by the fit alone ; the 
ends of the tabes aie then expanded, as shown complete in Fig. 4. 
The total area of superheating surface including the wrought iron 
boxes is 374 square feet in each of the two boilers, givintr a proportion 
of 2J square feet of superheating surface per nominal horse power, the 
engines being of 260 nominal horse power and the boilers having a 
heating surfiuse of 19 square feet per nominal horse povert this 
prqportioii i^pears fi:om the writer's trials to be suffieient for super- 
heating the steam to the extent that is desirable. The apparatus has 



Digitized by Google 



not leaked or fuled in moj way during ih» time it liM been at work| 

and appears likely to prove very durable. 

The heat employed for siiixi heating the steam is taken entirely 
from the waste lieat after leaving the boiler, which would otherwise 
have escaped by the chimney ; and this abstraction of heat from the 
smokebca together with the ecroen of nq»erheating tnbee shielding . 
die imdkebox doois hae pvodneed a maiked effect in keeping the stoke 
hole nniformlj much oooler ivhen the rapeihealing apparatos vns 
applied than wiHiont it. The temperaitafe of the steam is oonstantly 
indicated hy i\ thermometer, wliicli is fixed iu a small cup projecting 
into the interior of the copper steam pipe and containing a little mercury 
at the bottom in which the bulb of the thermuiueter is immersed. 
The fluctuations of this thermometer indicate veiy delicately the 
variations in temperatoce of the steam; and the meremy in the 
thennometer is affected oonaiderably hy ih» dianges in firing, ihUing 
when the firedoor is opened for freah firing. 

In this arrangement no additional space is required for the snper- 
henting apparatus, the whole being contained within the ordinary 
smokebox, uitiiout any alteration of the boiler or any interference 
with its construction ; the only external addition being the stop valves 
oonunnnicating with the apparatus. This apparatus can therefore, be 
readi^ applied to ordinaiy marine boilers, without requiring any 
alteration beyond the extra connexion and stop valTes, and without 
interforing with any of the arrangements of the engines or boilers ; 
and the important saving of 20 to 80 per cent, of the fbel oan he iJins 
effected, without incurring any risk of trouble or delay from the 
superheating apparatus. In case of any laihire of the apparatus, it 
will be seen that it is only necessary to shut one set of stop valves 
and open the other. 

The writer would ofaeenre in oonelusion that there are Tarions 
plans adopted hy different engineers for tnperiienttiig the steam, many 
of whieh have been implied hy the inventors, and .in many eases with 
considerable suooeas. Amongst these, may he named those of lljr. 
Wetliored, Mr. Partridge, and Mr. Pilgrim, who have done much 
lately to establish the value of the system by practical application. 
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The Cu AIRMAN observed that the trial of enperheated steam bad 
been detemiiaed upon iu the case of the vessel described in the paper, ' 
after the completion of the boilers ; and the time being rery short for 
fitting np the vppaTstas, he had to deriae a meuie of ecoomplisbing it 
nithoat interfering irith the work alreedj done» end bad consequently 
adopted the plan shown as the simplest arrangement and the qmokest 
for eonstnietion. The apparatna was simply a work of repetition in 
the parts, the superheating tubes being all exactly alike, and fitted 
by macliine ^vuik ; tlio great object in view was to ensure against auy 
risk of interfering with the efficiency of the vessel l)y failure or accident 
with the new apparatns, and to arrange the whole so that it conld be 
readily diaoonneeted and the work carried on ezaoily the ssme as 
before the application of the saperheating apparatus. 

He had not had an opportrndty of trying any experiments with it 
himself, and did not consider the trial at present made a fully conclusive 
one as to results ; but tbe vessel had been three months working since 
the apparatus was applied, part of the time without the apparatus for 
tbe pnrpose of Gomparison, and a pretty satisfactory proof of its saccess 
was that the esgmeere were Toiy glad to get the apparatos in again ; 
and there was fotmd to be s rednction of 20 per cent, in the consomption 
of fnel when the apparatus was nsed. He had tried one approximAte 
saqwriment with ^e apparatos before Ihe vessel \ef^ this ooontry, by 
graduating the opening of the injection cock of the condenser, and 
observiiij^ the extent of opening reciuired for working with and witlnMit 
superheated steam ; and he found that little more than two thirds 
of the quantity of injection water was required when the steam was 
snpsriieated, showing that » mnch smaller qnantity of steam most 
haive passed throngh the t^linders into the condenser, with a coire- 
sponding saving in consumption of fnel in the boOera. 

A difficulty was anticipated at &st in keeping the joints all 
permanently i'vj:]\i throughout the apparatus, but none whatever was 
experieuccd, and there bad b(M'n no leak since it was put to work ; the 
tubes were all matle a thorough mechanical tit in the tube plates so as 
to be perfectly steam>tight, and they were not cx|)osed'to any strains 
from expansion and cQntraction, as the end chambers were free to 
move with the tubes, and the whole was of one material. It was an 
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importAnt point in imytiiiiig of the kind to have a ihoroogh good job 
nuMle at firet, and aeveral of the attempt at applying atqwrlieated 
■team ludbemnniDooBaaM from frilnre of the appaiatoa in medisoieal 
pointa, ottosmg objeetiona to be Mi to aoperliealing thai did not really 
apply to the piineipk itaelf^ bat only to defeeta in tbe mode of carrying 
it ont. 

Mr. W. S. W.vrtD thouL^lit tlio paper that Lad boon road was a 
most interesting ono, i^liowiug a valnnble example of carrying uuL an 
important pnnriplo judiciously and careiuily. The importance of 
eoperbeatiug the uteam irm pointed ont by thooty, whioh showed the 
great loaa in the power ordinarily obtained Arom ateam oompaied with 
ita theoretical power ; bat it waa often diflfieolt to reaHae m praetioe 
theoretical advantagea. Aa the qoantity of latent heat taken np in 
evaporating water was a ▼ery large proportion of ^ whole heat 
suppliod, it appeared more advautageous to a)>jily further heat in 
superb (^at ill!? and expanding the steam, than ia evaporating more 
wat^r ; the ratio between tlio latent and the sensible heat being neariy 
4 to 1. And in the case of expanding steam in a cylindcTi a lowering 
of temperature waa prodooed fay part of the emifale heat in the^ateam 
becoming absoibed «a latent heat for eflfeeting the ezpandon of the 
ateam ; bat if the ateam were a little enpeiheated originally, the extra 
heat would allow of the eiqwosion being effected 'without cooling the 
fetoam l>clow ita natural temporaturt' at the orit;iiial pressnro. Ho 
hoped this inijtortant subject of superb^'ating steam would be carried 
on to a fiirtbt r extent, and that all the- Clrcumstanoefi and laws of its 
action would l)o fully investigated. 

Mr. H. W. Habmaw enquixed whether there had been any oppor** 
tnnily of aaoertaining what inorsase in yohmie of the steam waa 
effected by the eaperheating, and whether there waa any differmce m 
the preesnre ; and whether the working of the boiler waa at all affected 
bj tho stiporlioatiii*; by any baok action uf boat being conmiunicated to 
the stoani in tlio boiler undor any circumstances, 

Tiie CiiAiKMAX ropliod that the pressure was kept the same, as it 
wmdd be regulated in both cases by the load on the safety Talves, 
which waa not altered ; the effect of the aoperheating coold therefore 
be only to increase the volnme of the steam by the expansion doe to 
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tiie Incr w w e of temperature, bo that a greater quantity of stettm at the 

same jtrcssure would be snjiplied to the engines from tlie evaporation 
of the same quantity ol water iu the boilers. 

Mr. J. F. Spencer remarked that a great diflFerence sometimes 
existed iu the tonperature of the steam in different parts of the same 
bofler when superheated j he remembered noticing in the boilers of 
n large steamer, which hod high steam domes with the uptake flue 
IMMsing np through so as to scqperheat the steam at that part, that 
the temperatnre of the steam in the top of the dome was as much as 
S4:U% whilst it was only 260*' in the boiler jnst boloAv the <lonio. 

Mr. E. A. Li \» i Bu observed that the prebsnre did not vary with 
the temperature ; and whatever sni)erhcating took place, the effect 
could be only an increase in the volume of the steam and in its 
temperatnre, as it woold be impossible for any difference of pressore to 
exist in the superheating appsiatos, except indeed a slight diminution 
of pressure that would arise from the resistance of the srnaQ tubes to 
the passage of the stesm. Hkb flist ^eet of the superheating would 
be the evaporation of all the moistare in the steam, as steam always 
left the water in a lioiler in a more or less wet or diunii Klate, from the 
mixture of minute particles of water with it, even when there was no 
sensible priming ; it would then become perfect or dry steam, but 
at first would not be raised at all in temperotore ; but when the 
superheating was carried beyond that pdnt, the temperature of 
the steam would be raised by all the heat added, and its Tolume 
proportionately increased, causing an increase in the total quantity of 
steam supplied at the same pressure and froui tlie same evaporation 
of water. Steam wa^ expanded by increase of temperature at pretty 
nearly the same rate as air and other gases : and since air at 82" was 
doubled in volume by an increase of temperature of 480^, steam at 
20 lbs. per inch or 260** would be doubled in volume by 708^ incresse 
of temperature (480^ + 260<* - B2« = TOd*") ; and a rise of lOO*" from 
260^ to 360* would consequently increase its Tohune l-7th, causing 
m eqtial saving in consumption of fuel when the superheating was 
effected by using the waste heat of the sniukobox. As the specific heat 
of isteam was only al>out 3- Iths tliat of air, steam would require only 
3-4th8 the quantity of heat to be supplied to it to produce the same 



Digitized by Google 



BUnSBBATlD tHAX. 



rifle of iflmpmtcire ; md pwtij for iliis reMon tteam wm bow 

used instead of air in caloric engines, since tbe same efl'ect of 
expansion was thereby obtained with so much less 8upi)ly of heat. 

There was no doubt that in cyliudcrs without steam jaickets con- f 
doBMlioii of* portion of the steMii took plaoe at the bQg;iiiiiiDg of the 
stroke^ and * ptftial le-eraponiioii at the end, on iQooimt of the 
metal of the cylinder being colder than the fresh high preaanre ateam 
entering from the boiler, bat hotter than the escpanded steam in tiie 
cylinder at the end of the stroke ; since the whole metal of the cylinder 
could not chantre in temperature twice in each stroke, (thoUL;L the 
interior surface must do so), the temperature of the cylinder and pif^ton 
must be an average of Uie temperature of the whole of the steam commg 
in contact with them. He had tried a direct experiment suggested 
to him by Mr. Appold, namely fixing • glass gangs tobe in commnni- 
cation with the interior of the cylinder, the onter end of the tobe being 
dosed : at the beipnning of the stroke the interior of Uie glass became 
qnite dtdl with moistnre, from condensation going on in the cylinder ; 
but towards the end of the stroke the moistuic was entirely evaporated 
and the glass became clear, sliowing that there was perfectly dry steam 
in the cylinder by that time. The cylinder was in fact a partial 
condenser at the beginning of the stroke, and a boiler at the end of 
the stroke ; and if it were not for this boiling off of the condensed 
waiter at the end of the atroke, the cylinder wonld soon get very 
neady to liie temperatnre of the stssm. 

In an expanrion engine withoot a stesm jacket he had fomd l iy 
a comparison of the actual indicator figures with the theoretical 
figures which ought to have been obtained if no condensaticm had taken 
place iu the cylinder, that the loss of power when cutting off 
the steam at f stroke amounted to a loss of 11-7 per cent. 

at \ stroke 19*6 per cent. 

at ^ stroke 27*2 per cent. 

at-^ stroke 44*6 per cent. 

Bnt when the i^linder had a steam jacket supplied with steam direct 
from the boiler, he found the actual indicator figure almost exactly 
corresponded with the theoretical figure, except that at tlie end of the 
stroke it was raised a little, about lb. iu pressure above the theoretical 
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line, in ooDBeqaenee of the snperliefttiiig of the expended steem from the 
higher temperatore of the metal of the ojlmder. With eteam In the 
jacket of the same prefwuTe as that in the hoiler he did not think there 

couM 1)0 any condensation in the cylinder; for ftU that wa'; m|nif?it« 
to prevent tliis was to kei^p up the metal of tlu- cylinder at the 
tempeiatnre of the entering steam ^ bj suppljing the heat abstracted 
hj exposure to the cooler eteam during expansion, and that List hf 
vadiatieii which waa Tfty small in a well lagged cjHnder : the piston 
ooght to have non-eondncting enrfiMxe or platesy and tiie cylinder 
ends should have steam jackets. 

He was Teiy glad the important subject of superheating steam had 
been so well taken np in the intcrestinor paper that luui been given by 
the President, and was confident that a still higher saving of fuel than 
the 20 per cent, mentioned in the paper wonld nltimatelj be effected 
by that means. 

Mr. B. IfoBRisoir observed that the stop valves in the steam pipes 
of the snperibeating apparalus shown in the drawings gave the means 

of mixing the supeiheated and the ordmaiy steam, and he enquired 
whetlier any trial had been made of mixed steam in this ease ; also 
whether, if the boilers had not been already made before the addition 
of the superhoating apparatus was ocmtemplatcd, they might not have 
heen made proportionately smaller, as the superheating apparatus 
farmed in effeei an addition of 2{ square feet of healing snr&ee per 
nominsl horse power, increasing the original proportion of the hcilers 
firom 19 to 91| square fa&t per horse power. 

■J'lie Chairman replied that the superheating apparatus mnst 
certainly be regarded as a portion of the heating snrfaee, anil some 
redaction might consequently be made in the boilers on that aceonnt, 
hesides the redaction due to tb<> saving effected in the quantity of 
water to he evaporated in doing the same work. In reference to the 
question of inixed stesm, he had not tried any expoiment on the 
snhject, snd did not see that as regarded the final effect it mattered 
how the steam was heated, provided the temperature of the whole 
steam that entered the cylinder was raised the 100^ re([nired 
provont any portion of ii being cooled below its natural tem]>erature 
whilst passing through the cylinder ; and it seemed to him that the 
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best W17 of attaining that object wta to heat the whole eteem on its 
pMBftge to the f^linder. 

Mr. B. MoBfttmnr asked wheflier any higlier temperaiiiTe Bad been 
tried, or was eonsidered likelj to prodnoe a fturther adveiitage ; aho 

wbether from the experience of the working of the present apparatus 

any siiiallrr size of heating tubes would be considered preferable; and 
vviiether there was fonnd to be any inconvenience in cleaning out the 
boiler tubes, on account of the supefheating apparatus being fixed in 
front of them. 

The Ohaibkan replied that he had tried a temperaims .of cnlj 
960^ to 870^ al present, but from the reeidts obtained his opim<m 
was in h.ymt of that temperatote iriHi the pressure of 90 lbs. per 

inch that was used in marine engines, as n<'coTni)lis}ung all the 
important portion of the saving to be obtained, and keeping quite 
clear of any risk of the increased wear in the cylinders and pistons to 
which they were exposed with higher temperatures. The sise of the 
tabes used appeared to be satia&atory \ and as the total area of steam 
passage had to be maintained, a smaller siae of tabes wonld hm 
inTolTed a greater nomber of tabes and more workmanship, withoat 
perhaps giving any advantage. Id the ease of tobalar boilers the 
superheating tul>es were limited in size and arrangement by the tubes 
in the boiler, a.s they bad to be placed in corresjionding intermediate 
rows to allow of cleaning tlio boiler tubes, which could be readily done 
throngb the intermediate spaces. 

Mr. D. Jot enqnired what differenoe was shown by the indicator 
diagram in tha axpansion oorve when the soperfaeated steam was naed. 

The Cbaibmait replied that the indicator diagram was fiiUer, the 
ejcpansion omre not fidHng so rapidly at the oommenoement as whan 
the steam was not superheated. 

Mr. R. B. LoNORiDOE asked whether any material dilierence was 
caused in the temperature of the uptake Hue. 

Ihe Ohaibmah had not tried the actual difference of temperature, 
bat there was a very marked ohange in the temperatore of the stoke 
hole, iriiieh was kept mnch cooler than before. 

Mr. R. MoBBisoK asked whetiier any differenoe had been observed 
in the wear of the engines with the nae of the soperheated steam. 
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The Chairman replied that uo difference had jet been perceived ; 
the resiiltfi were of only three months^ experience at present, but there 
was no probability of efioot being produced in that respect so 
moderate a ten^teratare as ich» one tbat had been adopted. 

Mr. B. Adixsok said he had used stesm of 150 lbs. per inoli, 
which would he aboot 870^ temperature, and found no cutting of the 
cylinder or injurious effect arising from the high temperature after 
i years' constant work, during which the piston had not been examined 
mure than fuur times : the piston worked at a speed of 280 feet per 
minute, and had metallic packing, which continued quite smooth and 
in good working order. He recommended nsing high pressure steam 
direct to a high pressure cjUnder, and exhausting after moderate 
ezpansioii to • low pressnre oondensing cylinder, heating^ the low 
pressure steam np to the temperature of the high pressnre steam, 
say ^jTO', iu tkc passa;,'e betAvecu tile cyliiitk-rs and in tlie .second 
cv Under; thus deriving all the advantage of iiicrease of Inilk dne to 
the superheating of the expanded steam, and of non-oondensaticw 
between the cylinders ; no difEioulty being occasioned in the working 
of the piston fiom the high temperatare in the second i^linder anj 
more than In the first. 

Mr. O. A. Etbbir said he had made a trial of snperheated stesm 
in a pair of 60 horse power engmes at his works at Birmingham, nnder 
the advice of Mr. Cuwper, whicli had proved very gatiffactory, and a 
decided saving of fnel was eltected by tlie siiperlieating, although it was 
applied to a limited extent and in onljr one of the engines, a condensing 
engine worked by the ezhanst steam from the other engine ; this steam 
was passed into sn intermediate receiver^ baring a steam jacket heated 
bj the high pressors steam from the boilsr^ so as to superheat the 
steam supplied to the condensing engine. 

Mr. R. Morrison said he had made a trial of 60 lbs. steam super- . 
heated to u temperature of 400^, in a eondensing marine entrinc of 
]<)(> nominal horse power, expanding through 5-Gthg of the stroke: 
the cylinder had a 3 inch space round as a steam jacket supjdied with 
t&e ordinaiy stsam from the boiler, and a 2) inch thickness of felt 
and wood lagging upon the steam jaokei. The indicstor disgrsms 
from the eoginss were very excellent, and almost identical with the 
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ilMoretioftl ^aspmmon oarre; Imt be iiiought libe mpeHiMlbigf liad 
been carried rather too tar, for tlie piiston begau to cut autl the oil was 
«eed np very rupit-lly in the cyiiinler. 

Mr. K. A. CowrKE considered that oil wag not suitable for lal»i'> 
ofttion witift highly superiiflattd stoim, ai it mm burui up or dMumd 
npidjf aft* mdi high tempefstarai : MO® wis osrteiiilj foite s sale 
tempemtiue, and be tboaglit «vm 400* might be made nee of if dl 
were not employed Ibr hibnoation. He bad known an inttanoe wbere 
100 lbs. steam was nsed in a double- cylinder ensrine, expanded 
12 unies, and the high temperature of the 100 IbiS. steaui (aihout ;U0°) 
watt kept up in both steam jackets ; in that case there was found to be 
aome catting of the piston, but oil was naed for lubrication. He had 
suggested a plan Ibr ptentiting tUs keeping ibe ejiindeis about 
100® cooler Iban tiie steam, so as to eanse a digbt eondensation upon 
lbs soriaoe to ke^ it damp and so pretent its catting wi<b tks 
fiielton of tbe piston; be bad tried an expenment wbieb proved tbat 
even with very hot jsteuiu ihe surface couKl bo kept daiup if it were 
100° lower than the t<»ni[>eratuic of tlie gteam. 

The engues that had been referred to by Mr. Everitt were two of 
60 horse power working at right angleSi the first big^-pieesnre 
vorking witb d5 lbs. steam, and the seoond a condensing engine worked 
by ike exhnnst steam from the lirst ; and as it was not oonTcnifint to 
slter the arrangement of tbe engines, he pbMjed a large raoeiTOT 
between the two, more than equal to the capacity of the second 
cylinder, in order to reduce the back pressure in the first cylinder 
duriiiLT the portion of the stroke that the second cylinder was not 
open to receive the exhaust steam, and the pressure of stenm in the 
latter was also limited bj a safely valve on tbe receiver. Ibis receiver 
was enclosed in a steam jacket si^plied direct from tbe botkr with a 
temperatore of abont 288*, and the avenge temperatnre of tbe stesm 
in tbe receiver was 281^, so tbat tbe steam siipplied to the ooBdenaing 
engine was to some ext^Mit 8uperheat<Hl. 

Mr. A. FuvKii thouerht the fnl! a lvarttage of superheating woiild 
be obtained by simply carrying it so far as to ensure that no condensa- 
tion whatever should take place in the cylinder, and the steam should 
be in its natural state to the end of the stroke; for thongb there 
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must bo au advantage to be gained by carrying the process further, 
80 as to have superheated steam acting through<Kit the stroke, thereby 
obUdning the additional supply of steam that wia prodaoed bj its 
iiMSrease in Tohmie arismg from inorease of tei np er at ajs, jot he oon- 
osivod thai the foal used to prodnoe tins dEwt would hmprodmed 
a greater meohanioal sffMt if applied to tiie holler to generate more 
Bteam. 

Mr. H. Maudslay considered the snbject was one of great 
piaotical importance, and he was very glnd it had been so ably taken 
Hp hj tlia PMsident ; there was no donht that an inq)ortaiil eooiuaij 
of ftiel wonld lesolt ttcm eanying out tiie prineiple jndicioitsfy. Ha 
had heard of soq w rime tt t a reoautlj tried in one of the West Lidia Mril 
Psdret Oosnparty's steamers, at ilie suggestion of tkeur engineer, tiM 
late Mr. George Mills, in which about one third of the steam was 
superheated about 30'^, and liien mixed witli the remaining wet steam 
at the cylinder ; the result vi&a found to be beneliciai| though much 
less marked than the results described in the present paper where the 
whole of the stesm wae snporiieated. He was Tuy glad to hear the 
present satis&etoijr results obtained bj oanying ont the plan of heating 
the whole steam in so eomplete and shnple a manner. Failms had 
arisen in many previous attempts, where only a |>ortion of the steam 
was heated, from too sniall an area of passage "beiug given, suuietime?? 
only a single small pipe commimicating with the steam chest, so that 
omly a small proportion of the steam could pass through the superheating 
apparatas and no sensihle resnlt conld he obtained ; many iailnies had 
also oocnned from defects in the mechanical arrangement caosing 
stoppagea firom leakage and homing of pqpes and joints, which had 
oooasioned donbts as to flie praetioahility of carrying ont the princqsle 
satisfactorily in work. He trusted the present snceessfii] application 
w 111 Id be followed up by general attention to the siibjeet, and a 
thorough trial of the principle to ascertain the best mode for its appli- 
cation and the extent to which it could be advantageously carried oat. 

Mr. B. FoTHBsaiLL observed that in the use of snperheated steam 
caution was reqjmsite as to the effects of the high temperatnre, not only 
upon the working fmes of the (flinders and valves, hut upon the surfiMC 
of the steam pipes when of iron : for he had known a case where 
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Buperlieatcd stoam was tried in a uiill iu Manclioster with decidt '11^ 
good results aa to ecouomy of fuel ; but probably from carrying the 
superheating beyond the point that had been reoommended, so much 
oxidatioiL of the pipes froiiL mriieatin^ 

wailflr from tliA eoginB, wiuolL wai emplojed for mavQ&otnriiig pmpoaes, 
beome xn^irQgiiated viih nut and spoiled a luge qcumtity of goodie 
Mr. J. F. fipnicBB fhoaglit ihe paper that bad been read on the 

applicatiou of superheated steam was one of great value and import- 
ance, particularly on account of the thoroughly practical way in which 
the subject had been considered and the excellent arrangement made 
for effecting the trial ; ayoiding all risk of carrying the prooeie too £ur, 
tad nmplj aiming at fint at effieottng the definite dgeot of pmantmg 
any loss from oondemwliqa in the ^TUnder and aumring pevfeot flteam 
fhrooghoat the stroke. Ibe snlgeet was worn one of great iaqfKirta&oe, 
and he hoped it would be Tesomed at a fbtiiT« meeting, with the 
discussion of further n suits from more extended trials, 

A vote of tliaiik;^ was* passed to the President for liis jjaper, on the 
motion of Mr, H. Haudslay sooonded bj Mr. £• A. Cowper. 



Tha fbOoiring Piyar iias then read : 
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DESCRIPTION OF FRYER'S APPARATUS FOR 
FILLING LOCOMOTIVE I£ND£BS WITH WATEB, 



Bt Mb. JAM£S FENXOjN, Or Low MOQB. 



Dr. F»piB, the oelebrated French preomsor of the many iaventioiiB 
oonneetod with modem eteam power, demonstrated aa early as the year 
1700 the praotieabiUty of raismg water by the direct action of Bteam 

pressure ou its surlacc ; ami this system is still uJupLed with complete 
success for raising sacclmriiie Huids iii most pn-rar bouses throtiLjhout 
the world. The method of filling locomotive tenders with water 
where the snpply i«? below the leyel of the railway, recently invented by 
Mr. Alfred Fiyer of Manchester and forming the aubjeet of the present 
jM^er, is in &ot an ad^tation of Dr. Fapin*s ample oontriTanoe of 
160 years ago. 

The apparatoB is shown in Figs. 1 to 4, Plates 41 and 48. It 

consists of a wrought iron eylinder A of 1500 or 2000 ja^allons capacity, 
placed upright beneath the suiftice of the supply wuL«r B, Pig'. 4, 
which may be from 10 to 120 feet below the level of the railway. To 
reduce the amoant of condensation, the cylinder A is surroimded with 
brickwork^ and a space of 2 inches between the brickwork and the 
cylinder is filled with day to prevent any water from getting to the 
ontside of the cylinder. The cylinder contains a wrought iron float 0 
fitting it easily and sliding on a centre guide rod. The snpply water 
enters through the self-acting inlet valve D, Fig. 4, of about 75 stpiarc 
inches area, and is discharged from the bottom of the cylinder through 
the pipe E leadiug to the engine water-crane F. A steam pipe G is 
attached to the top of the qrlinder, leading to two pillars H, Fig. 1, 
placed a fBw yards distant on each side of the crane F and near the 
line of raila» which are provided with flexible pipes I having bayonet 
joints for coupling to the locomotive boiler. When a tender is drawn 
up to be filled, the engine driver couples one of the pipes I to the 
boiler, as shown in the })lan, Fig. 2, aiul turns on the steam, which 
passing into the water cylinder A pressea on the Hoat C ami forces the 

F 2 
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water np tiirongh th« crane F into tbo tender with great rapiditji so 
that the tender is filled in uhmi half the nsoal time. 

In order to prevent tlic steam now contained in the upper jiart of 
the cylinder A from blowing out vit-Untly into the atmosphere when 
the iiexible pipe 1 is discoimectcdj a valve is placed in the top of tiie 
pillar U opening inwards, which allows a free passage for the Steam to 
enter the cylinder, hat when the pipe I is uncoupled the steam can 
only escape slowly through a small hole drilled in the valTe. A 
hanging tsIto K, Fig. 4, is placed between the two hranches of the 
steam pipe which prevents the steam entering through one of the 
pillurs II from bh>\ving out direct throueh the ctlier instead of j\is.sing 
down into the cylinder A. As the steam esenpeb from the cylinder a 
fresh supply of water enters it thrr.ngli the inlet valve D, the cylinder 
being placed below the sorfiMe of the supply water. The valve D is 
contained within a well L, and the supply water is admitted through 
the valve and grating M, by which it can be stopped back out of the 
well at any time to allow of examining the valve D ; or the valve itself 
can be detaclieil and driuvn n[i to tlie top of the well, l>eing slid down 
to its place ujion long guitie roils aiul secured hy Iodlt screwed bolts 
that can he reached from the &arfaco. The tioat C is strengthened 
against collapsing by circular stays ; and a small tube N is inserted in 
it reaching shnost to the bottom^ so that if any water should get into 
the interior of the float through a defective joint it is expelled through 
the tube as soon as the pressure of steam is removed from the outside 
of the float after filling a tender. 

Fig. 3, Plate 42, shows the arrangement of the apparatus when 
the supply of water is ohtaiued from a reservoir at the foot of an 
embankment; and the plan is eipnH^ rispliealile where the supply is 
taken from a well considerably below the level of the graond or from 
running water. 

Tn this plan of raising water by the direct action of steam pressure 

it niight be expected that the condensation of steam in tlie water 
cylinder would be so eonsideraltle as to interfere seriously with the 
working of the apparatus ; but it must be borne in mind that the 
larger the cylinder the smaller is the extent of surface presented for 
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ooiid«ii8atu>]i in proportum to its oonteat ; and it baa been proved by 
experiment that this is not a serious objeotaon in the sise of the 
present apparatus ; while the friction and waste of iwer involved with 

pumps and engines now in use are obviously saved. In order to 
^ asci.Ttaiu "wlictlicr a Ii.cmnotive Ixalcr can afiord (o los^e die amount of 

steam iiM^iii^ito to raise tlie water, especially where the lift is from 
50 to 60 feet higbi a boiler has been constructed of HI gallons 
eapadtgr, 69 per cent, of which was filled with water, connected by a 
flexible tube with a water cylinder holding 181 gallons, the arrange 
ment bomg in all respects similar to that already described ; the 
discharge water pipe from the cylinder rose 60 feet perj)endicularly, 
but had valves* at various lowrr el. valions. The water pij o \vus 
4 inches diameter inside, and the stenni pipe 1^ inch diameter, and 
the area of Ftcam way in the tap 1*83 square inch. A nanjber of 
trials were made, in each of which 131 gallons of water were raised, 
the average height of lifk being 52 feet, and the average pressure of 
* steam in the boiler 5(>i lbs. per sqoare Inch : in order to guard 

against too rapid a generation of steam and to approximate to the 
condition of a loconioiive when standing at a staiioii, the damper 
remained closed during each trial. It was then found liiat the loss of 
steam pressure in raising: the 131 gallons of water 52 feet high was 
only 4*2 lbs. per square inch, and the time reqnired 32 seconds. 
When the damper remained open, the steam was generated more 
rapidly than it was nsed, and the pressure then rose during each trial. 
Hence a locomotive just arrived at a station will always have sufficient 
stoaiii to spare to retiU the tender; and this will consequently be 
t'llVcti'd at the entire savinqf of tlir [uiinj ing engines, pumps, uiid 
buildings at present necessary, while the heavy expenses now incurred 
of attendance, repairs, and fuel are dispensed with. 

With this apparatus there is no di£Sculty in working dnriiig frost, 
the crane and pipes being kept always emptyj and the water cylinder 
below the ice ; thus removing tbe danger of the pipes bursting, and 
obvialang the necessity of keeping them thawed by the application of 
fires as in tlic ease of tlie prestut ^vatL^ train s. This is a conbi'lcralion 
of no little importance, t >pccia,lly ia Canada and other countries 
subject U) severe and protracted frosts. Xlic stcaiu tluit is condensed 
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in foraiiig up the wattr It not entirely lost^ w it Mrves aUglitiy to want 
the water whiflh will shortly supply the holler. It has heen eompiiAed 
that the eoet in fhel of nanng 1000 gallons of water 50 feet high 

by this process is less then one halfpenny ; and the plan is iherefore 
recommended by ecouoiuy, great eimplidty, and rapidity of action. 



Mr. Pamov observed that Mr. Fryer, theinTentoroftheapparataSt 
bad bad the plan !n regnlar work for some years at Manchester for 

raising liquids in a sugar man nfactory ; it was working very sutisf:i(^- 
torily, and liad irovcd a convenient aiid advantageous mode of applying 
steam power for that pnq>ose. 

Mr. A. Fbteb said he had been led to this plan by difficulties 
ezperieneedin raising continnally large quantities of saccharine flnids, 
of a specific granly of about 1-9, which had to he raised a hdght of 
60 fbet to the top of the soger mannfrotozy. Cranes were previonslj 
need to lift the bags of rough sugar to the top of the hnilding, hnttfais 
was fiMind to Ih' a j^luw and expensive process when a largo amount had 
to be conveyed ; and pumps were then cmitloyod for the pur}>us<% tlic 
first process of dissolving the sugar in hot water being pertbrmed at 
the bottom of the building and the liquid then pumped up to the top. 
But the pumps were found to be rapidly worn and cut by the large 
quantity of sand» pieoes of cane, and other mhlnah that was mixed 
with the rough sugar, and no form of pomp was able to stand the wotlc. 
He then tried the direct application of tlie steam pressure to force up 
the liqnid through a pipe, and found it so completely HnccesBful tliat 
the plan was adopted for the whole of the work. Xlie dissolved sugar 
was put in a large close vessel, like a circular boiler, 6 feet diameter, 
with a delivery pipe 4 inches diameter extending firom it to the top 
of the building, a height of 60 feet ; and steam at 40 lbs. per inch 
pressure was let into the ujsper part of the vessel, and pressing upon 
the snrfaoe of the liquid forced it instantly up the delivery pipe, the 
lower end of which reached to the l otloni of the vessel inside. Tlie 
pruct,s8 was clTccted with great rapidity, the solid refuse lying at tlie 
bottom of the vessel bi in i^ swept clean ont together with the liquid. 
A quantity of 20,00i> gallons per day was regularly raised in this way, 
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md the solid Blatter curried op besides smoimted to ssivsral tons pet 
day. Tbe Tessel was re-charged by condensing the steam in it by a 
jet of cold water uj^on the outside, and opening a communication with 
the vat in which the sugar was dissolved ; the vessel then became 
rapidly filled, and the process of letting in the steam and expelling the 
contents up the delireiy j^pe was direotly repeated. There was foond 
to be bat little waste of steam m iStm process, sltboagli no float was 
used in the yeeael and the stesm was admitted direet upon the sarfMe 
of the liquid ; for a film of boiling water was immedfatelj formed upon 
the surface of the licjuid by tlie coudensatiou of a suiuU portion of the 
steam, wliich acted elfcctuallj as a non-conducting diaphragm cutting 
oS the communication Avitli the colder Uquid below, since there was no 
circulation to convey the heat downwards. 

He had also made a trial of the same plan for raising water from a 
weU 65 ftet deep upon the works, in which the pwnp was sometimes 
imder water so that the Talves oonld not be reached for repairs, and 
the pump was consequently stopped worldiig ; and he had succeeded in 
raising 10(),(i«)0 gallons of water per day from the well Ity tliat meRns. 
In this cast' the ri-^ini^ iiiaiu fnmi the j)nmp8 wliich was 18 inches 
diameter bad a second pipe 4 inchee diameter inserted within it, 
extending nearly to the bottom and having a Talve at the bottom 
opening npwardi $ the space between the two pipes wss closed at the 
top with a steam*tigfat joint, and steam of 40 lbs. pressure was 
admitted to it from an adjoining boiler. This steam ezpdled tho 
water from the space between the pipes, driving it up the centre 
pipe ; and on sliutting off the steam a fresh supply of wat€r entered 
this space by eondeuBation of the steam, and was again expelled up 
the centre pipe by repeating the process. 

In order to asoertsin whether in the esse of filling looomotiTe 
tenders there woold be any risk of dtfficaltj from want of soflBeient 
stesm in the engine boiler to serve fi)r zsising the water, he had tried 
some experiments with a smaU boiler disconnected from any other 
>vork, laising the water by the steain preH;s;ure (nnn a close vessel up a 
vertical stand pipe, Avhich had cocks lixed into the sidu at ditYcrent 
levels tiiat could be opened successively for discharging the water. 
He found that the water was discharged at 60 feet height with a 
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piMBOie of B%ma in the boiler of 27 lb«« per aqnan inch, whieh wis 
onlj slfghtlj aboTO the praasiue requued to balance the coluiim of 
water. The quantity of steam required was foond to be so small that 
a snpply of water sufficient to fill a locomotiTe tender was easilj raised 

\villi the boiler fire checked and the (hinipcr kept clo^^c*(l. to correspond 
with the condition of a locomotive standing ai a station. In api'lying 
this plan for tilling tenders, his object was to employ the power avail- 
able in the looomoti?e engine for raising the water direct^ instead of 
reqntring the eveetion of fixed pnmping madunsiy and engine power 
at each station. 

Mr. 8. BasTOW thought the plan possessed many advantages, and 

would be very suitable for the purpose intended ; it had great simpli- 
city and rrecduni i'vom liability to derangement, which were important 
points in water supply for raihtay trains ; and the security froiudauiage 
and 8topp:vi.'o by frost would be a great gain : also the saving in first 
cost would be very considerable where stationaiy engines had now to 
be employed for pumping. 

Mr. B. P. WiLUAMs bad experienced mneh difficolty with the 
Ofrdinary railway water cranes, which caused mnch trouble and expense 
in keeping- them in workini: onK r. Ifc was struck with the simplicity 
ol' the plan now described, and thought it would be a great advantage 
and be veiy applicable for road stations where the expense of working 
pmnpmg engines was more particolmrly objectionable. The first cost 
must be mnch lessened by saving machinery and pnmping engines, and 
tbers wonld be a grsai saving in the preeent cost of repsizs and 
maintenanoe. 

Mr. Pbston thought tliere would not be any ]>ractical dillienlty in 
the working of the apparatns, and the loconjuiivt. ^ nt^ines would he sure 
always to have steam enough when on the line for rai^iog their own 
supply of water. The plan would he thought be generally ^rplicabley 
except at some terminal stations where pumping wonld remain as 
at present ; and the result would be a consideraUe saving in expense 
both of construction and of working. 

The Chairman pi < posed a rote of tiianks to Jdr. Fentou and 
Mr. Fryer for the paper, which was j assed. 



Tiic foilowing PAyQt wa« then read : — 
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ON THE CONSTRUCTION AND DURABILITY 
OF STEAM BOILERS. 



Bt Mu. BfiKJAMIN GOODFELLOW, Or Hydi. 



The object of thifl pip«r is to commmiioste aatob cirBaiiiBtaxioefl and 
changes that hare been obeenred bj tlie writer to take place in the eiae 
and form of boilers at different temperatures, which afieet oonsiderabl j 

their strength and durability hj causing derangement and wear and 
tear to n much greater extent than he believes in generally supposed. 
His attention was first strongly drawn to this subject sonnc years ago 
in reference to a large mnltitabnlar boiler that he coBStrocted^ 2:3 feet 
long and 6) feet diameter, with 181 tabes 11 feet long and 3 inches 
diameter each ; and two flunilar boilers but of smaller dimensions with 
9 feet tttbes. A short time after these had been pnt to work, it was 
fonnd that several of the tubes began to leak at both ends, although 
they had previously been proved up to 120 lbs. per square inch with 
water pressure, when all was good and tight, and the steam pressure 
they worked at was only from 50 to 55 lbs. After this leakage had 
been made good, it took place again in a law weeks ; aad this was 
reflated several times, both in the large and small boilers, hot not to 
the same extent in the small ones. This led the writer to oondnde 
that the canse was the elongation of the tabes by their being heated to 
a greater extent than the casing of the boiler; and this defect ajipears 
to him a serious objection in multitubular boilers with stiaight tubes 
of considerable length. 

Ja the constniction of fined boilers of considerable length, say from 
20 to 86 feet long, the writer at first adopted the plan of increasing 
the diameter of the fine, so as to increase the heating snr&ce and 
diminish the quantity of water ; bringing the fines nearer to each other, 
iu the case of the two-flued boiler, and closer to the sideb of tlie boiler, 
as shown in Figs. G, 7, and 6, i'late 44, iu which the fines are made 
as large as can be got in. After a number of these had been got to 
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wolk, ievwal of them gafe way transversely about the middle seam at 
the bottom, eapeoially in oum where the boiler had been blown off fox 
cleaning and oold water then tamed in to oool it ; the effect of whidt 
was that the bottom of the boiler instantly oontraoted in length, while 
the flues retained the same length or nearly so as when working, until 
the water came in contact witli tlicm, thereby necessarily throwing a 
great and nndue strain upon every seam of the boiler, especially on the 
lower side in consequence of the flues being so near the bottom of the 
boiler. l!he writer thereikm oonelnded that it was wrong to increase 
the diameter of the ends of the floeSf as this rendered the ends 
of the boiler maoh mora rigid and less yielding to the ezpenslon 
sod oontraeiioB of the fines and easing, whidi do not take place in 
both siimilianc(m55ly or to the same extent, lii a Loilor tJO feet long 
the actual cxpnnsdon of the barrel of the boiler aniounts to nearly 
1 mohiu length ; and when iired in the ilue, the latter is elongated 4 inch 
more than the casing, in consequence of its being at so mneh higher 
a temperatnre. The otiI effects of this expansion and contraottoa are 
further angmented by the ordinary nse of gnsset stays, by which the 
ends of the boiler are stifllmed and rigidly connected to the barrel, as 
shown in Fig. 9, Plate 44. Hie drcnmstance of the boilers giving 
way ill the niifldle of their length lutiier than in any (tther part was 
owing in the writer's opinion to their being sui jirirted on a longitudinal 
centre wall which diyiHod the fines, or on two walls, as shown in Figs. 
% and 8, Plate 43 ; when foil of water the boiler would weigh from 
88 to 40 tofttt and oonseqnenily there woold be a great frietian on the 
wall when the boiler was eoatrsotfaig; and the strain thne prodneed in 
polling tiie two ends of the boiler nearer together is coneentrated at the 
middle of its length, in addition to the strain arising from Uie 
reeistance occasioned by the rigidity of the flues and gusset stays. 

In order to obviate tiiese difficulties in fined boilers and to provide 
iat expsDsion and eontracticm taking place without mnoh injury to the 
BBtatarial or wotkmaaahip, the writer baa been led to adopt the 
eonstrafltion of boiler shown in Fig. 1, Fkte 48, representing the end 
portions of a two-fined boiler 80 feet long. In this oonBtrnction the 
ends of the flues are tapered and reduced in diameter, for the purpose 
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of giving ft fivtte amoimi of ebstieiij to ihe en^ of tbo iKakr ; tod 
inih ibo ivmo tiiw Hie gusMt sin^ m dkpfiiued wi&, 80 that tho 
Mkds «re not oomiMied in ray wij with the cadng except by the 

augle-iron ring that unites the two together. The same plan may he 
carrit'd out in a singlc-fliiod boiler either l»y ta|»»*ring the ends of the 
flue or placing it nearer the centre of the boiler. The ends of the 
boiler are strengthened independently by meaaB of T iron or fish- 
beek" girders AA» mettod on eaflfei end betirean the OMmg end the 
floes, as shown in Fig. 6 ; and there are no longitedinal stays between 
tiie two ends b^nd those sopiilied 1^ the fines and easing, each end 
plate being treated as an indqisndent transrerse girder supported roond 
its ed^e. In order to strengthen the bottom of the boili.T at tlie middle 
against the strain produced in cuntiaoting by the friction of tlie lon<;i- 
tudinal walls on winch it is sn^tportt d, two lougiiudiual titrips of angle 
iron or T iron i>B arc rivettod on tlie inside ataboot 3 feet apart, 
eiiendiqg about two thirds the length of the boiler, as shown in FiffL 
1 to 8 ; these strips are livetled in elose oontact with the plates, so as 
to haTS the same temperataTO as the plates under all drcnnutsnoes. 
The writer has also adopted for some time a plan of strengthening floss 
of large diameter against coUap^sc by means of rings of T iron or angle 
iron CC rivettod at suitable intervals round the outside of the Hue at 
the joints, as shown in Fiir. 5, In tiiese jumts the two ends of the 
bciler plates are not brouglit together, but are loft with a space between 
them eqnal to the thickniiiie of the outer rib of the T iron, as shown in 
I^. 4, Plate 48, whereby a joint is obtained haviog no greater 
thidmess of metal than a doable plate at any part. 

The absenee of longitodinal and gusset stays in this oonstmetion of 
boiler does not leave the ends less strong to resist explosion than the 
other parts of the casing : for taking the whole circumference of both 
flues and casing, the sectional area of plate rcbistiug tijc pressure on 
the ends of the.boiler is 4| times greater than that resisting the lateral 
piessare in the oastag ; and in the opper half of the ends, where 
tiie pMssore acts npon the greatest proportionate area, prodncmg 
the gweisst longitndinal tension, the resistsnoe isSI times that ofiered 
to lateral explosion ; whUe in the lower half of liie ends, where there is 
the least proportionate area for the pressure to act upon, the resistanoe 
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u 6| times greftter Uuta the lateral reeistMioe. The £Mt that floed 
boileiB generally explode endways by finlnre of the lower part of the 
ends or casing, the very part whidi has heen seen to he origmally the 
strongest, prores that the strength of the plates at that part heoonies 

greatly injured by the excessive strains arising from unequal expansiott 
and contraction of tlie flues an l the cafsiner of the boiler. 

1'he action of expansion and contraction with this construction 
of boiler is shown in Fig. 5, Plate 43, the actual amount being 
exaggerated for clearness of illustration. The dotted line shows 
the ibim assnmed by the ends of the boiler when in foil work with 
a good fire, the fine being Ihen considerably longer than the casing, 
causing the ends to be bulged outwards. Ihe full lines show the 
rover!*e condition, with the ends bulgiutj: inwards, in consequence 
of the flue contracting more than the casing, uhich tidvcs j>lace 
when the fire is drawn out and the door and damper opened, the 
flue then cooling more rapidly than the casing of the hfoikst nHiioh 
is suiTounded with hot hridcwork. In the ordinary construction d 
boOer with rigid ends supported by gusset stays this deflection of 
the ends Is prevented firom taking place; and consequently wh«i 
the ends and casing are suflBoienUy strong, the elongation of the 
flue nndcr expansion produces a strain of compression whicli lias 
the effect of slightly corm crating or iMicklinjr the j)lntes of the flue, 
as shown in Fiirs. 0 and 7, Plate 4 4. thereby materially assisting 
in causing the Hue to collapse. At the same time a strong tttisile 
strain is thrown upon the casing, tending to tear it across, par* 
ticularly at the bottom of the boiler, the flues being much neaNr 
the casing at that part than at the top : the same strain also tends 
to tear the ends away from the gusset stays, and often causes one 
or two of the rirets of the stays nearest to the flues U> begin to leak 
after the fire has boon put in. 

In the cnse of plain cylindrical boilers with hemispherical euda 
and without any flue, the effects of expansion and CMitraetion m 
shown in Fig. 10. Plate 44. Some of theee boilers came under ^ 
writer's obserration lately, which were 8$ ftet long and 6) hek 
diameter, restnig on hrsdrats fixed to the sides. In Fig. 10 the dotted 
lines show the boiler when at work with a good fire under it, tiM 
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bottom being then 4longmted expanaion, eunring the boiler Blightly 
vpwsrdi ftt the ends. When the boiler wm stopped for cle«ning, it 

was the practice aft*?!* blowing uli' to run in some cold water ininiediatcly 
to assist in cooling: it, which had the efTect of siuldenly contracting the 
bottom, curving the ends of tlie boiler downwards, as shown bj the 
full lines, and tending to tear the boiler Mroee at the bottcwi. After 
these boUers had been «t work five years they begaa to tear in the 
bottom seams in the same manner as previotisly described in the 
two-flaed boilers, with the exception that the failnre did not always 
take plaoe near the centre, but at different places in each of them, as 
there was no wall underneath the boiler in thiii ciuie and tUtireiore no 
strain of faction to be overcome in contracting. 

The durability of boilers is greatly affected by the changes of 
temperatnjre to which they are exposed as above deaoribed. Boilers 
have frequently exploded'from simple internal preasnre of steam, which 
have previonsly been proved to be capable of standing twice the 
preseore they have exploded at ; and in the writer's opinion this has 
arisen from diirereut parts li.iviug I'cen materially bnt imperceptibly 
weakened by the strains rtijsulting iVom bucccii;»ive changes of 
temperature : maiiy instances might be brought forward to show the 
injoriotie action occasioned by this cause. Wliere the changes of 
temperatue have been less frequent^ the dniabiUty of the boiler has 
proved greater; and the writer has recently seen several two-flaed 
boilers BO liset long which had been at work about eight years without 
showing any signs of failure: these boilers had been working liight 
and day withtnit stopping, exr(.'{it once every six or eight weeks for 
cleaning, but as a consequence of that constant working they had not 
undergone the same number of changes as if they had been cooled more 
or less every night and at eveiy week*8 end during that time. The 
wziler has no doubt that by making proper provision for such changes 
going on without dunage to the material or worionanship, a considerable 
•moimi of wear and tear might be prevented, and boilers would retain 
their strength with safety and continue in good working order for more 
than double the length of time that has hithtsi'to be^n Lhc cusu la 
such boilcrj» made without this provit^iou. 
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Figs. 11 and 12, I^ta 44, ahov a muititabiilMr boiler that WM 
eonitnicted by tlie wtitor Bome timo ago witli arched tabes inatead of 
straigbt tabes, wiib ihe Tiew of oVyiaiuig the delects experionced in 

the ordinary construction from leakage at the ende of the tnbes in 

conseqnencc of expansion ; hut the mechanical Uiiiioultics atiiMiding 
tins ]»lan und tho extra drau^'ht required have at present proved 
impedimeatfi to its farther appUcatiou for l«rge statioxuirjr eugiaes* 



Mr. B. B. IioiroBiiKiB eoold eonfirm fh» oboemtioiifi aiade In 
the paper as to Hie frequent injury cavwed te b(^n by the effbete 

of uuevpial strains npon different portions ; but he did not agree with 
the opinion expressed that the con?«tniction of Imiler prup<'sed would 
be free from this source of injury. There was no dottbt that great 
mischief arose in many boilers from imperfect eircolatiou of the water* 
If perfect eiroalAtioB eoold be obtained, a tmifonii temperatato 
tbronghont the bcnler woold be preserved, and tliese evils olmated. 
In tvro-flned boilers generally it was a great defeet that the water 
spaees were made exoeedingly sma3I| and the descent of the water past 
them was opposed by the rising current from the heated sides of the 
flues, no that the only place where the water could tleseend was at 
the hnck end where coolest, and iu a boiler of 30 feet length this 
downwaril current was not able to reach the front end : plates had 
been pat into the boiler sometimee to divert the eaiientB of water and 
eanse more regnlarity of cirenlatioii, hot lie doubted whetlier wiUi 
much sacoess. When a oonple of 8 feet fines wen put into a 7 feet 
boiler, 3 inch water spaees only eonld be obtained ; and althoncrh 
there was no doubt a better cond)ustion in a lar<,'c flue, yet this 
involved the sacrifice of the pru]><'r wiilth of water spaee for ensuring 
due circulation in the Iwiler. which was a point of greater importance. 

He did not agree w ith the mode proposed for staying boilers, and 
did not think it was at all advisable to di^>ense with both longitudinal 
and goBset stays; lie oosisideied that the end shonld not bs kfl 
dependent only npon the liwtting to thsfytindiieal shell and tha fiins. 
The girder ends of tiie boHer would no donbt be strong eaongh so long 
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m ibe flnet hAd good $ but if tlw fines got seriooslj ovvrhMlKl «t 
any purt and fractnro ensued, wliioh was an aooideat tbaft oonld not be 
abflolntely guarded agalnet, tiie boiler end might then giye way on 

losing the BTipport of tlic tluuij. lii iliC case ot" boilers set iqion a 
centre bearing wall, lie did not pee how tlic friction upon the buuriiig 
could c&ixse Hueh straia iu expaudiug aud contracting as sensibly to 
afifect the durability of tbe plates $ but the best plan of setting guch 
boilers he eonsidcmd was lo mpgori Ibem 190& cast mm saddles, in 
sneb a manAor as not io be dependent ibr snpport on the btiekwork 
Ibnnisg the fines. An otgeetionaiUe adaon was oaosed when the fin 
was not placed in the bdler fines bat below the boiler, lor in tiiat ease 
there >vfts a continued current rising at the sides, causing a descending 
current in the middle between the two tiues, which made the depusitall 
aocumulate in the tnangukr space between the dues and immediateJtf 
orer the fire; in many such oases the plates over the fire beoaoiB 
orerheated in oonseqnenoe, and fractnred or strained at the jomts. 

Mr. QooDViUiOW oooatdered the mode of fixing boilers on oast 
iron saddles was Tery good, and ptefenred it where a oentvs wall was 
• not reqnifed for dtnsion between the floes. In respect of secnring the 
boiler ends, he remembered a ca^;e where the end plates were increased 
from ^ to :J inch ihickneiss on account of the boiler leakin<^ at the 
ends ; but the bottom had then torn asunder, and he had suggested 
tapering the ends of the fines to a smaller diameter so as to increaoe 
the area of fiat plate at the boileir end, and snbstitothig a thiniflr plate 
Ibr the purpose of gotling more elastie aetion in the end plate : this 
had entirely mno?ed the diflkolty, and the boiler had oontinned at 
work f>r 1 ^ years since th^ without any fmlnre. He had (bond by 
carefully measuring the end of a two-llued bailer 28 feet lons^ tbat ihe 
front end ]>late was puslied outwards ^ inch in the centre, niakuig it 
oonTex, each time the steam was up, and it gradually came back again 
on the boiler oooliog ; tlie back end of the boiler was not accessible 
for measnMBMnt, bong within the briokwork, bnt both ends mnst haYO 
sprang nearly alike in order to oanse the bulging, making altogether 
4 ahematkai in kngth of the fine, oonstantly going on in the 
wotking of the boikr. It appeared to bxm then that m tius aotiim 
could not ins prerented it wt^ the best course to allow the end jjilates 
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to yield to it, bj leaTing tbem eUstic mod not luodering thflm from 
fpitngmg. 

Mr. B. Bastow fboagbt tbere wm no doobt tliat much had to be 
done in the ocHMtniction of steam boilera to remore the imperfections 

now existing-. Tin- two-llucd Cornish boilrr ua:s curtaiuly an excellent 
one nml a]>p<?iired to he genfrally cunsitlered the best where compact- 
ness was required ; but there was stiil sometiiing further to be desired, 
and he thought an improved construction would ultimately be adopted. 
Xhe pUun cylindrical boiler with convex ends wis no doubt the best 
fordnrsbilify, sinee its form gaye rise to no nneqnal and Tsijing 
strains, and no staying was teqnired ; if 20 years* experience were 
tsken, the genera! lesnlt as to durability woidd be in fiivonr of the 
plain eylindrical boiler : tlioni^h it wa.s of course nut i|nite i<o good iu 
ccoiioniy of fuel, uint \Hiere ccouoniy of sj)ace and compact setting were 
necessary it was not suitable. Perhapb the object miLrht be >^'ained 1^ 
some combination of a number of cylindrical boilers of small siie, 
aizanged side by dde, so as to obisin a large extent of heating surface 
withont inonrring the distorbing strains to which fined bonlers were 
exposed ; he Ihonght the snbjeet was a yeiy important one for fbrther 
investigation and trial. 

Mr. .1. F. Si'KNt KU Cdiihii^brcd that iji marine boilers a ureal 
amount of injury and deterioration arose from uant of suirieieut 
attention to the unequal strains they were subjected to, the construc- 
tion being too rigid or too much the reverso. There were also great 
defects in the imperfect dvoolation of the waAer, and in the Tety 
confined space between the tubes in moltitabnlar boilers : the evils 
resnlting from the latter were TCiy serious, as the water was prevented 
access to the tubes, and the steam generated over the furnaces conld 
not escape readily to the surface. He had known two boilers in which 
there was J inch diflei'eucu in the tul>e s^taecs, with a diilerence of bO 
per cent, in durability in favour of the wide-spaced boiler^ although 
in other points of construction the boilers were similar. A space 
of 1 inch between the tabes "was generally allowed, but an incmstaticii 
of I inch was formed iq»on the tubes afker a time, leaying the spaces 
only ^ inch ; in locomotive boilers the case was still wone, the ^soes 
being only j| or ^ inch to begin with. 
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.Mr. H; W. Harmiv said tfaai^ from his ezperienoe m duflf 
iii8p«etor to tke Manchester Assocwtioii for &e prerentaon of boiler 
ozploeions, he Iniew of no hotter eonstmction 1h«n the ^lindrical 
tvro-flQed boiler, which was the one in most general tme ; but it was 

iiiKloulittill)' subject to the derangements })ointed out in tlie paper 
from tlie effects of unequal expansion and contraction. An iHKMjual 
strain was caused upon tin? cn<l angle iron of tRe boiler from the flues 
being attached to tho end plate so much below the centre : he had 
fonnd maaj fractures of the end plates nnmediately orer tho angle 
irons of the internal fines, caused principally bj the end plates not 
yielding suffioientlj to tike elongation of the flues. Ihere was no 
donht that if the plate were held too rigidly by gusset stays something 
would have to give way to the inevitable strain from ox|'ansion ; 
but he could not au^reo at all witl» the })lan proposed of (Uspeubiug 
altogether with gusset and longltudiual stays. The entire omisaion 
of stays would be the opposite extreme, and he tliought they ought 
not to be abandoned without snbstitnting something else ; the angle 
iron which would then form the only tie between the egad plate and 
shell was unavoidably a oomparatiTely weak form of iron from the 
mode of its rolling, and he feared if jraoh a plan were adopted 
great risk of accident from inferior quality of angle iron would ensue. 
He had examined boilers that had exploded, in which the whole 
of tho angle iron had parted along the upper portion of the boiler end. 

As to the strain along the bottom of the shell, he had foond the 
addition of T iron strqM along the bottom did not prerent this, 
and he beliered ii arose entirely from want of cfroulaticn in the water. 
The plan of a centre wall dividing the flue, with the Ixnler resting 
upon it, he eonsidered objectionable; for any leakage of water trickled 
down to that point, and was absorbed by the centre wall like a sponge, 
acting as a constant source of corrosion to the boiler. 

Imperfect circulation of water formed he believed the most serious 
defeet in bcilen; and in many of the two-floed boilers this was 
chiefltf owing to their not having a sufSdent water space between 
the flues and sheU. He had long been oonvinoad of the importance 
of ensuring a much better coreolation of water being regularly 
maintained in boilers ; and he contemplated effecting this by direct 
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Tneoliaiiiral moans, by bavincr a screw propeller of coarse pitch in the 
bottom of the boiler driven witli a slow motion, to mnintnin a rei^'ular 
current of water throughout the boiler : hfi waft about to make a tnal 
of Ihif plan, and tiuMRgbt it could bo done hj a tamjfie oontnTanoe^ 
driron bj the eDgiae^ not involviiig any objeefeioiiaUB ooooplioalkii : 
the objeet to be effiwted wat one of gnat impoctanoe m the dorabilify 
and eeoBomieal irarking of boilara. 

Mr. GooDFKLLow observed that, in regard to the angle \T(m 
forming the connexion between the slu-ll and ends (>( tlie boilor, bo 
had tried good angle iron with the severe tetit of baiimieriug it nearly 
flat when oold, and found it stand without any £uUng ; this was angle 
iron of good qaaHty) hat then only enoh material ahoidd be used in 
f team boikny and he waa aatiifled that waa the eheapeat plan in thn 
end. He did not iee that any liak wa/ ineorred in trnitang to tiio 
angle iron alone without gnaaet or longitndinal etaye, for it waa 
stroniror tban the plates of the boiler shell, having- at least four 
times less to resist than the casing in tin; lateral tlircction : but this 
was of course dependent upon the quality of the iron, and he 
remembered a recent instance where a 7 feet boiler way in the 
teeling with ateam at 70 ibe. per inch preaanfOy causing graat 
daatmoljon of Ulb and proparty, the angle iron stripping lonnd the 
end of the shell, biealdng thioagh the riTet holes wluoh had evident^ 
been damaged in drifting Uin holes in the mannfiMtoze of the baOer, 
the material being of inferior quality ; although a boiler of similar 
dimensions and thiekness of plates, of good material, had bi^en proved 
up tu HO lbs. per inch at the bame place without any signs of giving 
way. 

Xhe damage that boilers received firem miefiial expansion often 
oeoorrsd soddenly he beliflTed, and befofe any eiroalation of water 
ooold aet to piofent it : the first moment of potting in the fire, or 
throwing in eoM water immediati 1 ? afW the hot water had been let 

out, when the boiler was stopped for cleaning, caused a sudden 
expansion or contraction of dilTerent parts of the boiler, which over- 
strained the plates, and might in an ui^lunt reduce materially the 
ultimate strength of the boiler* Qe thought these socidental causes 
of injury oooorred to n mnoh. greater «stent than waa gsnnraUj 
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topposed ; and from vfa«t he had obaemd 1m was led to ooBclade thai 
ill cases where the rivetted joints of the bottom of • hoikr eontumed 
ti|^ in Tegular workiiig, thej weie cansed to leak oceasioiially hy the 
€» eee si ve strain bronght on Ihe bottom of the shell by the sudden 

expansion of the internal firo-flue. 

Mr. W. RirRARDsoN had liad experience of several kiuds of 
boilers in use for a considcralile time at Messrs. Piatt's works at 
Oldham, both plain and floed boilers : several plain eylindrieal boilers 
finkd tnm the badness of the water, whoeh oansed a great deposit 
to Ibm just over the Am» and the hmt pUftes were Ibuid to burn and 
ML ait that part ; bvt this had been oompletd!^ TCBsdied by patting a 
firebrick arch oyer the fire in snch oases, extending as &r as the bridge, 
in order to shield the Ixjiler l»ottom from tliu ilirect action of the fire, 
and it did not interfere with the efficient working of the boiler. The 
Cornish boiler wa*; fniind the best plan, and they preferred n sint^le 
large fire-fine, 3 feet 10 inefaes diameier in n 6^ foot boiler 30 feet 
long ; hoilerB of tiiese dimensions had hem woiUng 5 Tears withont 
any damag<s and had prored veiy aattsftctory. The UHIsrB vers set 
npon foor or five east iron ehairs t ftet high, which woaM osCTllats 
sli^'htly with any lonc:itadinal motion from expansion ; a 4J inch 
longitudinal wall was also uped, bnt simply as a division between the 
fines, and the top course against the boiler vras set in plumbers' putty 
to prevent absorption of water and risk of corrosion of the boiler 
bottom, and as an additional pieeantion this top oomss was taken out 
onos • jaar and rsbnihy and the bottom of the boiler aeraped and 
painted. For the internal fines Hi; Adamson*s flanged joint was 
vised, Ihe pktes being flanged out at every joint and rivetted together 
with a ring of jtlain iron between ; be thought this was an excellent 
constrnetion, civing such complete security against collapse of the flue, 
and the longitudinal expansion of the flue was eased by a slight 
Springing of the flanges at each joint ; where the joints were made at 
9mf 17 inohss dislsnoe, the bnlging notion of the floe upon the end 
phKts was so nmeh nednosd that no trodble or leahago was oaossd* 
niej were now making a trial of steal pistes inch thiek for boilers 
at 100 lbs. per inch pressmre, inA dooUe rivetted joints, and found 
them very satisfactory at present. 
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Mr. D. Adamsov ihonght it was certainly advisable to have Uit 
gmet stays for support to ii» end plslss of • boilor, sad be did not 
see that snythmg could be gained by traasftnTrmg all lh» action to one 
joint; but on the oontraiy there iras tfaia iiiq>ortaDt disadvantage 

to be considered, that if a plate were bent backwards and forwards 
contiuually it misrht fail ultimately, thoni;:]! not subjected at any one 
time to too pevore a strain ; if all the bntkling action were thrown on 
the end plate it would be siinply a question of time as to its ultimate 
£ulore. On that aooonnt he thought gosset stays sboqid not be 
abandoned, and they aerred also as a good 8iq>port against ooUapse ; 
he shoold also rsoommend longitudinal stays to be tetained in addUMm, 
for re1i«7ing the strain npon the boiler end joints end the euedar 
seams of the boiler shell. 

lu cases of intt'nso firinj^' and high i>fessnr6, tluu metal was found 
the best suited to stand the heat, which was conducted more rapidly 
through it, and the orarheating of the metal that occurred with thick 
plates was avoided; -nneqiial tludmess of the plates it was also 
fanportant toUvoid, in order to get rid of nneqosl strslns from ezpan- 
fflon, and if these distnrbing canses eoold be removed, boilers would no 
donbt be nraeh im prov ed in dorabiUty. Firing b^ow tiie boiler was 
he believed very objectionalile in fined boilcrij, and should never be 
done where there was deposit from the water, i^iuce the dej>osit 
collected at the bottom just over the lire in the most injurious position ; 
and it was an objection he considered to the plain f^lindrical boiler that 
it required firing nndemeath. A lump of inornstation ham the sides 
of the boiler dropping to the bottom in the night miglit oaose a blister 
to be formed in the plate on tiie spot where it lay, by overheating from 
direot eacposnre to Ae fire without the contact of water to cnrry off' the 
heat. He knew a gi ai luany 7 feet boilers with single and double 
internal fire-flnef? working at 100 Ibn. {ter inch pressure, without any 
ol»jection, and one of that kind was working at 150 lbs. pressure. In 
the case of multitubular boilers, unless they had the heat brought 
nndemeath the shell fay a retom flue they were exposed to aninjuiiou 
strain firom unequal expansion, on aooonnt of the shell remaining muoh 
colder than the tubes when it was simply cased with lagging and not 
heated by a retom flue. 
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Mr. GoonraLLOW tbooglit the exteat of springing of tbe end plates 
in tbe oonslmtiott of boiler lie had proposed was so little as not to 
eanse any damage to the material ; if the plate were toomneh strained 

ibe iron wonld no dotibt become damaged, but within that limit it did 
not receive any injury by alternate springing. 

Mr. E. A. Cowrp'.R liad fonnd the two-flnrd boih'rs entirely 
satisfactoxyi both in durability and evaporative power, and had 
had them working for many years without giving any trouble from 
kakage or other eaoses ; hnt to ensnre this rssalt tiiey required wide 
waAer spaees, say 7 inches between the fines and 6 Indies at the sides, 
or at the least 6 indies and 4 inohes fior small boilers. He was 
satisfied that witii such allowance of water spaces an ample circulation 
would always be regularly koj»t up, and there would bo no occasion for 
artificial means for maintaining a current ; and tbero could never be 
more thau a few degreea diilureuce of temperature in the diiTercnt parts 
of the boiler. Qusset stays he thought were good, and made durable 
and nanple snpfiortB to the boiler ends; and with the firont end 
angle iron pot on outside ihs shdl, and the joints of the fire-flues 
lapped in the direolMm of the draught, he believed the two-fined 
Gomiili boiler would be found quite satisfactory and would work well 
for many years without leakai^^o or undue straining of any portion. 

The Chairman said he had two-ilued boilers at Ins works that had 
been in constant use for 15 years, and no repairs had been wanted to 
them yet, and ha had fotmd them oompletely satislMtoiy ; but then 
he never used angle iron in the oonstmetion of sndi boilers, eonsidering 
iheve was not spaoe enoogh ibr the plate to spring with the additional 
tfaiddieBS of the angle iron. The pbtes of the diell and ihefioes were 
all flanged over at the ends for rivetting to the end plates, requiring 
of course best material fur the plates; Iho water spaces he made never 
less than 0 inches, and preferred 8 inchos : this construction gave great 
flexibility to the ends of the boiler, and there was no danger of 
failare he belieiTed until the boiler was actually worn out with age. 

He moved a vote of thanks to Mr. GoodfoUow for his ps^, which 
was psssed. 



The following Paper was tJien read : — 
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ON INGB£A8£D BB£AK POWER 
FOB STOPPING RAILWAY TRAINS. 



Bt Mm. ALBXAKDEB ALLAH, or Fkm. 



The of ineMsed BpmIc Poww tm stopfng qiuds Mm 

in a obortor cKstanoe tim It «i pmMnt pMNtSeaUt Iim bceome 

of great importance, and ^ attention of railway companies has 
recently been speciully li awu to it by the railway department of the 
Board of Tra4e, by ^Tlium a nmnlHjr of cxjjci iiuvuks wtTo tried on 
breaks of eugioes and oania^esi aad a leoommfinriatioii was nuuk 
to the railway compamV>« for carrying out a ijffaBi of oootinnaw 
breaks to the whdt train. Hie sohjeot waa alto mkder the oooskiera^ 
tkm of a oomimttee of the House of Oommoiis last Tear, More -wham 
endenoe was given on the erases of faibraj aeoidaiis : this eridaoee 
was hi fiiToiir of inoreaaed break power on the engine, if not too 
Biuldcnly ap[tlicd ; for it was shown that no break on the carriages 
ooiild be apjdied qnickly enough to jM-event accideute. 

The subject of this ]>a\n>r u a plan lor -ohtaimDg iucinaeed 
iweak pcrweri by retarding the speed of the eogme by means of a 
tbiottle tsIto placed in the eihanst pipe, wfakh em be ioit«n% 
dosed to any leqniied eartent so as to obstnwt the exit of the steaai 
from the qyUndeis, the regulator remaming open ; at the earns time 
the exhaust steam is admitt^ to a small cylinder, the piston of which 
acts thmns^h levers upon a break on the engine wheels. 

This arrangement is shown in Plate 45. Fig. 1 is a side elevaticm 
of a passenger engine, showing the stonm break applied to the leading 
and trailing wheels simnltaneoaily ; Fig. 3 is «i enlaiged ykm 
showing the steam break cylinder A and the throttle Talve B in 
the ezhanst pipe, and Fig. 3, shows the position of the throttle yalTO 
in the expanded portion of the pipe. The spindle of the throttle 
valve iJ projects through the side of the smokebox, and is worked 
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from the foot plate by means of a lever and connecting rod C. 
The break Gjlinder A u 8 to 10 inflbfls diimeter ; the exhaost slaam 
u admitted into iSbs bottom of ih» ojlinder throngli a 1} incb pipe 
provided irith a ooek B, and aetaag on tiie nnderride of 'tlie piaton 
mha the break lever E and preasee the break blocks F ^aintt tlie 
wheels. The cook D in the 1^ incli pipe is worke<l from the foot |)latc 
by means of a lever H turning^ loose on the spiudie of the tlirotllo 
▼alve B ; the throttle valve can tlius be closed withont at the 
same time admitting the exhaost steam to the break cylinder, while 
the latter ean also be inataiitly applied ia oaaea of aaddan en m gieiicy. 
When the steam preMrare is vemoTsd from the cylinder A, tiia weiglit 
of the piston and lever draws the break blocks back dear of the 
wheels ; the break eyliiider being oontigiioiis to the smokebox^ and 
the pipe leading t(j it short and open to the heat in the exhaust pipe, 
tliere is no risk of water accumulating in the cylinder to prevent 
the descent of the piston when the steam pressure is removed. The 
break bloeks being tmder the charge of the engineman and fireman 
will be regolarij acSnated by them. 

The break c^lindar appliss the breaks aimnltaasoiiBlj to the 
leading and trailing wheels of the engine, aa shown in Fig. 1 , snd 
the driving wheels are at the same time retarded by the back pressure 
of the exhaust st^aiu on the pistons consequent upon the closing 
of the throttle valve in the exhaust pipe ; the pressure of steam in 
the break cylinder is the same as the back pressure in the driving 
cgrlinderSy both being regnlated bj the extent of elosing of the 
throttle Tslve. Ihe power of the hresk eylmdsr ia limited so aa 
not to skid aa;f of iSb» wheels, in order to aroid wearing flat pkess 
on ^e tyres, and to prodnoe the greatest efibet in retarding the ifieed; 
a break power of from li to '22 luus can thus be obtained by the 
steam l>rcak alone. The break power obtained by tlie use of the 
throttle valve alone, retarding the driving wheels of the engine, 
is eqiud to that of the tender break, the regulator being open to the 
driving eylindara aU the time. The application of the steam break 
bj the engineman msj be followed^ immediately by thai of the 
tender break by the firsman, and llie guard's brask in the van next 
to tlie ten<kr \ thus giving^ at once a greater break power then has 
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niiially been ai^ti(»d in retarding trains, and dUnimshisg the liability 
to aeadeatB from WMii of m&aoLt hntk poirer. 

For the ordniMy stoppages the thcottlo tsIto osa he used to bnng 

the train nearly to a etand^ the tender break being applied for the last 
few yards only; this will (-tVect a grtal .aviusr in tlie perui.aunt way, 
tender tjres, and break blocks. l^y j>artially closing tlie tliruttle 
Talve, trains may be oontiolled to a^y deaired speed in passing down 
ML incliiief while a great anipliia of break power is lesuned in <he 
steam break cg^indir and the tsndsr and Tan hroaks, to bring the train 
to a stand qukk^ on tho insline: in so ex pe ri ment mnda nith a gross 
loadof 900 toSlO tonStdowa an average inolineof 1 in 80, of 5 miles 
length, the train was controlled by ^e throve valro alone from a 
speed of 30 miles per hour at starting to 15 miles per lionr down the 
wholu incUue. In approaching stations, half the time may be saved 
by the joint use of the tender break and the throttle valve alone in 
the ezhanst pipe, and a still fartiier saifing of time eflbded bjr also 
admitting the stemn to the break qjimder. Bj using tho steam 
break for oidinaiy pfmposes in plaoe of the tendor break tkere is less 
risk of boating and flattening the tyres, sinoe the slesm break Is 

arranged so as not to skid the wheels. 

In this metliod of ui>taiumg break power fron) the engine, the 
speedy reversing of the engine valve gear from forward to backward 
gear is rendered an easy operation, whereby a fordier increase 
of retarding power ia obtamad ; fior the eadianst atesm at the badt 
of the driving pistons being oompsessed in the eiibsiast port b^ tim 
dosing of tho throtdo tsIto, tim pressnre of steam insido the slido 
Talfes beoomes eqnsl to or greater tium that outside in the steam 
chest, so tliat a balance of pressure is established, enabling the 
valves to bo reversed instantly with perfect ease. The partial closing 
of the throttle valve may be employed to prevent violent slipping of 
the driving wheels, which will revohrs onlj m proportion to Uie 
4|nantit7 (tf steam allowed to ese^ from the exhsnst pipe, said this 
may be r^gidated to any extent by the Orottle ?ihre, wlndi osn be 
worked wilh greater esse sod nioety than the regulator. 
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The fstaxdisg pcnrer of this Btoiiii break has been tested by 
the writer in some eKperimeati made in Augoet on the Scottish 
Central Bailway, the neolts of which are gi^en In ^e following 

Tables I, II, and III. In the two first trials, only the throttle valve 
iu the exhaust pipe was nsecl, without the aiUlition of the steam break 
cylinder, thus retarding only the driving wln-els of the engine bj 
the back pressure of the exhaust : the third trial was made with 
an engine having the steam break cjlinder in addition to the throttle 
Talre. 

Table I gives the average reenlta'of eacperimenlB made with a 

passenger engine, ran over a levd portioii of the Kne, wiUi pretty 
calm weather ami rails dry ; the engine weighed 18 tons and the 
tender 12 tons, making 30 tons total load; the break power was 
a|ypUfid over the same ground in each case. The third result ia an 
average of four ezperimmite, the others of two each. 

Table II shows the Tosolta obtained with a goods engine having 
Ibttr wheels oonpled of 5 feet diameter; the engine weighed 86 tons 
and the tender 14 tons> and there were 18 wagons weighing 140 tons, 
making 180 tons total load. The break power was applied at the 
same mile ])ost in eacli case, and over the same rails ; the first \ mile 
from the post was level, and the next | mile heyond was a rising 
gradient of 1 in. 500 ; the weath^ was calm and the rails dry. The 
second result is an average of three ezperimenti. 

Table HI gives the results of eocperiments made with a passenger 
engine having a steam break egrlinder in addition to the throttle valve, 
under the same oaroimiBtsooes and over the same ground as in Table II ; 
the engine weighed 18 tons and the tender 12 tons, and there were 1 1 
empty carriages weighing 55 tons, ui.ilaiig 85 tons total load. The 
carriage breaks were not applied in any ease. 

It appears therefore from these experiments that the retarding 
power prodnoed by closing the throttle valve in the exhaust pipe is 
fUly eqnal to ihai of the tender break, and the engme stsam break 
also prodooes an ellbot folly equal to the tender break ; so that by 
employing both throttie valve and steam break in eonjimetion with 
the tender brealv, the retarding power obtained is more than double 
thi^ of the ordinary tender break alone. 
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Pa99engir engine with Tkr^Uk Vaim ^n^r. 
T»tai had 90 tons. 



* * 

SpMa 




Tim A 




fli mnn^ 








KOm par b««r. 






Twds* 


M 


!EBMbr taeakcolj: atMuu shut oS. 


50 


440 


80 




88 


440 


ov 


Throttle valve and ttender break : steam 


21 


2iM) 




kept on. 






86 


ThrotOe wtln and tender break, and 


16 


800 












TABLE 11. 






• 


Oooda engine with Throttle Valve only. 






Total load 180 tons. 






in niuuing^ 




tine 


DiitaMna 
ia itojiiriav* 






Secoadt. 




80 


No breaks i^pliei: «lMm ■hnl oft 


180 


1000 


S9 


Throttle valvd only: steam kept <m.* 


70 


620 


80 


ItederbiMkonly: itaunahntoff. 


68 


610 


80 


Throttle ¥&lve cloeed aod eag^ 




440 




reversed. 






80 


Thiotde Talve and teoder break, aad 
eogiiiB lovwBod. 




866 



* Icain not bioosht quite to a dead stand, owing to rtigbtleak at throttle valve. 
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TABLE III. 

PaB9€ng^ engine wkh TkrottU Vahe and SUam Break, 

Total load 85 fon^. 





Bmk Power applied. 


Use 

Ja itomle^. 


DMneeiea 
ia rtofflag'. 


Mikf per boor. 




S«ooQdt. 


Yards. 


a6 


No bntks ftfiplfod: ilaaai shut ofl. 


166 


1488 


86 


Throttle valve only: steaui kept on* 


SO 


800 


86 


Itandor break onlj: tteam abnl off. 


66 


716 


861 


Throttle valve closed and enginerevereed. 


68 


710 


86 


Tkrottle valve and touder break, aad 
eugtiie reversed. 


60 


460 


86 


ThrotdeTalYOsndtvkdvbvBak; sieim 
kept on. 


65 


460 


86 


Thxotde valve and engine steam break: 
stMun kept on. 


60 


400 


86 


!nirottle valve, engine steam break, and 
tandor break: «team lupt on. 


80 


276 


86 


Throttle valve, engine eteftm break, 
tender break, md engine wrand. 


88 


890 



* Train not brought t^uiie to a dead stand, owing to slight leak at tlirottle valve ; 
but speed very slow for iibb last 220 yards. 



Mr. Allah obserred that the importaiMse of an increased power for 
stoppiDg nOmij tmrns in cases of emergency, proportionate to the 
tnerease tbat liad taken place in the speed and weight of the trains, 
had long been felt ; and he was satisfied that to aooomplish this 

efiectuaUj it was essential to arrange for the break power to he applied 

I 2 
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by Uie engine driver, as there was no tinio for Gommimicfttioii with 
the guard, and the misoluef wm done befofe tbe gaaid could get bis 
breaks applied. The great object to be attained was the application 
of a powerfbl retarding force at the earliest possible moment to check 
the speed of the train, and the Talne of the break mainly depended 
npon its instAntaiieuus action as soon as tli«' Jaiiircr was perceived ; 
and as the weight of the engiue an l teuder foniKnl a large porLiou of 
the total weight of tho train, and the steam break was under tho 
immediate oontrol of the engine driyer, it afforded the most efficient 
means of aooompUshing this object. By the ezpetimenta it was £>nnd 
that closing tiie throttle yalve so aa to shut the eeoape itom the 
engine cylinders, which was done instantaneonslj, prodnoed a retardiiig 
effect as great as that of tho tender break ; and the addition of tho 
Rtenm lutak caused the train to be st- j juMl in less than half the 
disuvnce. The throttle valve also enabled the engine to be reversed 
easily, by balancing the prcssnre on the slide yalves, removing the 
ordinary diffical^ in reversing large engines. 

Mr, B. MoRBiBOM had seen some experiments npon a steep incline 
of 1 in 40 on the Edinburgh sod Glasgow Railway, with a stesai 
break contrived by Mr. Paton which gave a very powerful retarding 
force; the bnnik was applied to the leading ana Li^iling ulu-cls of a 
large tank engine having all the wheels coupled, ami the pressure was 
produced by a steam cylinder oomniunicating direct with the boiler. 
The action of the break was Tety effiotent, bat he believed the prindpal 
objection to it was fonnd to be the great shock caused by its sadden 
application, which often deranged Ihe levers of the apparatos and 
occasioned an objeetkmable ooncnssion to the train. 

Mr. Ai,i,A?r said iliat with tlie plan <»f the throttle valve in the 
exhftn>t \>\\\e tliis (>l>jociion Witb removed, as the pressure came on 
gradually l>y tho :j;iadual compression of the exhaust steam; and 
no objectionable shock was perceived beyond what was of coniso 
unavoidable in stopping a quick*moving train within a short <*wtaiiw^ : 
a train at a speed of 40 miles per hoar was stopped in U»0 yards 
upon a level by means of the steam break and tender break wiAont 
any objectionable shock being produced. The throttle valve and 
steam break were tomid to answer well in going down inclineS| where 
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ih« tender bfdak WM ofdinarilj used, and were more ocmvenient for 
•ppluifttiony and bad ilie advaiktoge of saving the wear of the tender 
wheel iytes whieb were generally ekldded by tbe brealte; bnt the 

pressure on the cn-inf lireaks was adjustod by the biiie of the steam 
Cjlinder so as not to be abli' to skid tlu' wheols. 

The Chairman obserred th:it it was certaiulj au important subject, 
and it had become very desirable to hAve an increased power for 
stopping trains which wonld be promptly available for application. 
He proposed a vote of thanks to Mr. Allan for his paper whkh was 



The foUoving Paper waa then read 
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DSSCBIPTION OF A BTEAH CRANE. 



Bt Mb. J. GAHPBBLL BVAKSi OF OlBBBWlcs. 



llie Stcrtfli Crane described in the present j>aper was designed 
mure esijccljilly fur use on board steam vossels ; the chief points 
to bo aimed at were conseqnenlljr oompactness, facility of fixing, 
flimplicity in die mode of working, and dnrabilily. In ertnes nsndly 
oonsinictod, the boiler being sepmie froni iiie engine, the onion joints 
of the steem pipe «re Teiy liable to leak ; and the writer belieree 
there are very few such ersnes where this dremnstanoe has not been 
a continual source of trouble and anuovaueo after a few niontlis' * 
rofirnlar work. Fre(jueiitly the boiler is a cull^;i^lerable distaiice away 
from the cylinder, and then the steam and feed pipes are liable to be 
injured in stowing the cargo ; in addition to which, the condensed 
steam strains the maehlneiy and keeps the deck of the yessel 
constantly wet and dirty. 

To obmte these disadTaatages, in the present steam crane, 
shown in Pigs. 1,2, and 8, Plates 46 and 47, the boiler A is placed 
as ( lose us possible to tlie crane, and revolves with it ; and by 
making the toi) of the boiler of ca»t iron with lugs for attaching the 
tension rods, it serves the double purpose of boiler and crane po«;t. 
The bed plate B upon idiich the crane and boiler are placed is fixed 
to the foundation pl«(e C 1^ a centre holt, which bears all the 
upward strain; the downward pressors is taken by the rollers D 
mnning on the feondation plate 0 ; this plate is solidly bedded on 
timber laid on the deck of this veoacl, which thus requires very little 
alteration. 

To avoid u]>righi lubcsii and horizontal tube plates, the heating 
surface of the boiler A is arranged in cones, as shown in the 
▼erticsl section, Fig. 4, Plate 47 ; the first cone or firebox is 
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exposed to tlid dinct niduitioii of the after which the heat 
passes through the opening E nearly upposite the firedoor into tlic 
space between tlie second and third cones, where it is alisorbed by 
the water spaoea on either side, and passes round to the funnel F 
opponte. In this way * Bufificient heating sorfaoe k obtained without 
any horisontal enrfiMee in the boiler for dqx^lt to aoenmnlate npon. 
The two angles or bottoms of the water spaces ajre below the direet 
aotioR of the fire, and are eonneeted by |>ipt>s G to allow for the 
i-in-ulation of the wat< r, provided with phigs and cot-ks for eleuning. 
The water tank fl is placed under tlic hoiler, this position serving 
to heat the feed water and to presene the cast iron bed plate B from 
danger of fracture by the heat of tlie fire. 

The crane is worked by a single oscOlating cylinder I, shown 
enlarged in Fig. 6» Plate 47, supported by brackets on the bed plate B. 
The joints for the steam and exhsnst pipes at the tmimions are 
made ti^ht by gun metal cones J, Fig. 7, fitted to the trunnions and 
^ lield by studs in the brackets ; wlu n these have become polisshed 

by workincr, the wear upon iht ni is very slight, and this construction 
has been f un d very suitable for the rough treatment to which cranes 
are nsuaUy subject. On the crank shaft K is a frietion wheel 
Figs. 1 and S, Plate 46, grooved according to Mr. Robertson*s plan 
and kept continually revolring by the engine. On the second shaft M 
is another friction wheel N, which can be moved by the lever O into 
gear with the driving wh(M>l L, or by an opposite motion of the lever 
] can be prcpfcd atrainst tlio brrak P, or when luweriiiLT can be held 

between the two. The other end of the shaft M carries pinions 
gearing into wheels on the shaft of the chain barrel Q. Tliere are 
two pair of wheels and pinions B and 8, for vaiying the speed 
according to the weight to be raised : the pinions are thrown in and 
out of gear by a sliding key, shown enlarged in Fig. 6, instead of the 
ordinarv clutch ; by this means the width between the frames that 
would b<' rc<{uired for moving" tlu' ordinary clutch is pared. 

The writer believes the principal difficulty exjit ridicd in steam 
cranes for ship purposes is in the arrangement of the turning gear ; 
I so that when the vessei leans over to one side, the crane shall be 

' powerful enough to swing the weight and yet not cause a sudden start 
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or sliock to hroak the cr^ar. In this crane a coned friction clutch 
IB used, showu enlarged iu Fig. 5, to allow a Blip at lirst and to start 
the weight gradually ; and the arrangement of the foundation plate O 
of the eiuie adxniia of » vmob laiger spur wheel than mnal hein^ 
emplojed to bring np the power. Qa the crank shaft K ia a woim T 
working into a worm wheel on the ahaft of the hevil wheel IT, 
Pigs. 2 and 5, which gears into the two bevil wheels aboye and below ; 
as these are kept constnntly levolTing by the engine, the crane can he 
moved round either way hv raising or lowering the coned clutch V 
by the leTer and screw W, The lifting lerer O and the screw W 
being doie together, as seen in Fig. 8, the two operatioaa of lifting 
and tnming the wdght are eaafily numaged by one man. 

The Talve motion of the oeoUkting oytinder I, Fig. 8, is dengned 
to oompenmte for Uie oscillation of the cylinder without the use 
of sweeps an<l guides. A radius rod X is centred on the cylinder 
bracket and connected to the eeccnlric rod Y by a link Z, to wliieh 
the valve rod is attached by a pin. The link Z combiues the vihrations 
of the eooentnc rod Y and radius rod X, so that at the point where 
the Talye rod is attadied the enr? e described by the radins rod 
compensates for that described by the eccentric rod in sooh a degree 
as to bring the TalTC rod into the ear?e it would naturally be made 
to describe by the osdUation of the cylinder, as shown by the diagram, 
Fig. 9. 



Mr. Evurs obserred that the arane was intended as a machine 
of simple constmction complete in itself, indnding boiler, for fixing 

in such situations as on decks of vessels or on quays, where i:eiK rally 
the expense of larger stationary l)oilers for working a numl>er 
of separate steam erancf? could not be gone to. These cranes had 
worked very satisfactorily, tlie only wear after more than a year's work 
being in the bearing of the crank shaft, and by tightening up the nnts 
of the cap 1 -8th of a tarn, all the wear of some months was taken np. 
lliere was an advantage in the leverage In taming round, and the 
cnme was fonnd vciy convenient for handling ; the grooved frietion 
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wbeds for ooniiflctiBg and diMomwotiiig the motioiiB bad proTad veiy 
latisfiuioiy, and woiked amooihly snd cffiolentlj* 

Mr. H. VUmsLkY enquired what preasiire of ataam waa naed, 
and wltat weigbt eonld be easily lifted by the crane i and what was 
the cost of the whole, 

Mr. EvANB replied that 30 to 40 lbs. Bteam was nscd, and the 
crane shown in the dra\7ings, the largest aixe yet at work, lifted 
M ewta. ; Imt a laiger aiae waa being oonslnicted to lift 60 cwta. 
42 feet Ugh in half a minute. The «oet of liie cnmea nt preaent 
made ma about £200 eompieta, and the coat waa taij moderate 
from the aimplicity of oonstmotion of the whole— orane, engine, 
and boiler being combineci iu uue machine : no pipes Avcre required 
for connexion to the boih.'r as in detached steam cranes, and no 
fixings were wanted for the cruie or boiler : all that was required 
waa to lay down 4 inoh timbera to bed the frame npoQ, and it was 
n pairtienlar advantage in the ease of ^ipa thnt no holea were leqaiied 
in tiie deck &r the erane post» the whole bebg adf-oontained. 

Mr. E. k. Oowm thought it waa a diiadvantage In the arrange- 
ment that tlie steam must be shut ofl' directly the load was off, to 
prevL-nt the engine running away ; and a sing-le cyUiidcr had this 
disadvantage, that it might stop on the centre, causing a delay in 
•tarliBg the crane again. He thought that for working a crane it 
waa preferable to hwFO two eylindera working eranka at tight anglea 
and with link motion, aa in Taykr^a ateam winch ; the englnee were 
then etarled or reretaed readily, in whatever poaiiiflfn they might 
have been stopped, and there waa a decided adrantage in thus getting 
rid of the flywheel. 

Mr. Evans replied this difficulty of a single cylinder was completely 
met in the present crane by having a small hole remaining open when 
the steam waa ahnt off, wbieh allowed ateam slaU to paas jnst sofficient 
to keep the engine conatantfymofing at n alow speed and tnming only 
the first of the frietion whesla. A donhle-t^lhider crane would 
involrc grsaitor eost and oompKoation, asid a good deal of knocking was 
liable to OfCHf in tlie giai .ng of a quick-working crane on that idua ; 
there waj^ also the objection of water accumulating in the cylinderss 
when standingi whioh was MFoided by haying U^e engine always moving. 
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Mr. H. Maui>blay observed that the boiler appeared of p«;uHar 
constniciioii, and asked how it was fovnd to woric and how long it 
took to raise steam. 

Ifr . Etahs replied that the boilen were working yeiy aatia&ctorilj 
and iiiere had not been any diffictdtjr experienced with them ; the 
sioani was got uj» to 30 lbs. pressure in from ;JU to iO minutes from 
cold water: there were 11 of the boilers at work >uLli the enines. 

The Chaiuman observed tlial there was now a great demand for 
machinea of that kind, to ^Militate work ifnd take the place oC hand 
labour; thia was aa ingenions amngeoient for the purpose, and 
formed a oompaot and economical steam crane, though he should be 
inclined to prefer a donUe-eylinder engine, partienlaiij for lowering, 
as in loweriupf weiglits by the engine it wonld be apt to l>y jerks 
with a ijiiigle cylinder. On the Groat Easieio a small engine witli a 
pair of oscillating cylinders was iized on the deck, with a detached 
boiler, working foor drams bj means of friction wheels and taking the 
chsins from Ufor enne jibs, two on each side of the vessel, whidi ooaM 
be all worked independentlj, the engine bei^g kept oonstaatly nraning. 

Mr. Etahs said he fonnd that with the Motion wheels the 
difficulty in working with a single cylinder was quite removed, and the 
crane could be rea<lily lieM still or worked at any speed either in 
raising or lowering; the oljt-rtion (»f irr* ^j^iilarity in motion generally 
entertaine<l against six^le cylinders did not apply to a small cylinder 
running fast, which gaye a veiy steady motion, and the cranes had 
been fomd entirely satis&ctoiy in woildng liy those who had employed 
them. The crane poet being fonned bgr the Ixnler made aoompaetand 
conTonient arrangement, smce the boUer served as a ooonterpoisc ; 
and it made a steady crane withont requiring fixing. 

Mr. H. Mafdrlay thonsrht it a good idea txi put the boiler at the 
back end to balance the jib, which made an advantageous arrangement. 
In a 30 ton ateam crane recently erected in the wharf at Messrs. 
Mandslay Son and Field's works, the engine was fixed upon the jib, 
consisting of a pair of small cjlinders with short stroke workiiig 
cranks at right angles : ih» crane lifted 90 tons, and the lowering 
and raising were done very smoothly by the cylinders ; for lowering 
such a weight double cylinders were of couisc wanted to prt^vent a jerk. 
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The Chauimaii mov^ a vote of thA&ks to Mr. Evans for bis 
paper, wliioh was paaMd. 



A description was then read, coramnnicated through the Secretary, 
of the pTunpiug Engines at the Arthiugton Water Wurks for the 
water supply of Lcetls. 

The Meeting then terminated, and after the meeting the Memberi^ 
proceeded by speciaL train to visit the Arthington Water Works 
Engines. 

In the evening a laige pwfy of the Hembers and their friends 
dined together at the Wellington Hall. 



* On the followiTic: '^f*y an excursion of the Members took place 
to the Low Moor Iron Works, and the Works of Messrs. Titus Bait 
and Co., Saltaire. 



K 2 



Digitized 



byjGoogle 



Digitized by Go(i^;;Ic 



PROCEEDINGS 



The General Mbbttno of the Members was lield at the house 
of the Institatioii, Newhall Street, £iniiiitg]iam» on Wednesday, 
Slid November, 1869; Hmrsr Maddblat, Esq., Yioe-PreBident, 
in ihe Ohair. 

The ItDnntes of the last General Meeting, held in Leeds, were read 

and confirmed. 

The CiiAiR>fAN nlhuled to the irrei)arable loss that had been 
snstained by the jtrofession and tlic world at large, since their last 
meeting, in the recent lamented death of their ex-president, Mr. liobert 
Stephenaon ; and lie thought they oould not comincnce the hnaineeB of 
the present meeting wiihoat an expreaaion of their deep regret at Htm 
monrnM enrant, and their hi^ appreciation of the great mechanical 
genius and many ndble qnalitiea of the deceased. Mr. Robert 
Stephenson bad taken a strong interest in the development of the 
Institution from its commencement, having sucMjeeded in the presidency 
his father, the late Mr. (»eurge Stephenson, their first president ; and 
both had largely aided in promotiiig its welfare hy their eonnscl and 
assistance, each of them presenting a donation of £100, and Mr. liobert 
Stephenson having become a hh member of the Institation. He waa 
most higUj and mdversally eateemed, both from his ifide professional 
repntation and on aoooont of his liberal and nnoetentfltions philan- 
thropy, which doubly endeared him to all who had the privileiere of 
being imnil cred umungsthis friends. In disposintr ff the great wealth 
ac<viiing to him from bis lofty position and bom many years of active 
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and honoiinhUe profMnanal engtgemfluts, aUloiftw luvwliberftlirm 
donatioiM and beqnesii made hj bim during his UMme and at Ins 

decoase for the advancemeiit of professional and f^ciontific pursuits, for 
the ini}»rovcmcnt of practical men, and for tlie proniuiioJi ut charitable 
and henevolent objects ; amongst which might be mentioned his 
bandsome donations to the Kewcastle Philosophical Institation a&d 
Tnfirmary. AU who witnessed the Amend in Westminster Abb^, and 
the vast oonoonrse assembled on that oeeasion oat of stnoere regaid 
and respect for bts memoiy, wonld be oonvinoed bow widely tiie feeling 
was entertained that England had lost a most estimable man, and one 
Viho couKl not easily be replaced : the strong interest tliat wa^ taken 
iu the ceremony Avas shown by tlie lart^c attendance of civil and 
mechanical engineers from all parts of the kingdom, and the great 
feeling manifested hj all present. The removal by death of soch a man 
was an event tbat eonld not be allowed to pass without an expression 
of their Ming of deep xegiet and their lasting remembnmoe of the 
connexion with Ifr. Robert fitephenson which it had been Iheir 
hapi>iness to enjoy as members of the Institution. 

The CiiAiHMAX announced that the President, Vice-Presidents, and 
five members of the Council in rotation, would go out of office in the 
ensniog year, according to the rules of the Institution ; and that at 
the present meeting the Oonnoil and Offioem were to be nominated for 
the election at the Annual ICeeting. 

The fbUowing list of Members wns adopted b^ the meetmg f<nr the 
election at the Annual Meeting : — 

pissmnr. 

Jamm EiMinnT, . liTeipool. 

VlCE-PRESIDrATM 

{Six o/th4 number to be tUe$$(L) 
Sir WiLLiAH G. ABMSTBoara, Newoastle-on-IJjmo, 
SAmnL H. Blaokwill, Dudlej, 

ALBzyn>Bn B. Coohbanb, . Bndley. 
Jamss YjtBtott, Low Moor. 

Benjamin Fothebgill, . . Mancliester. 
Jam£s Kjtson, . . . Leeds. 
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rlENR\ AlAl DSLAYj . . < 


, London. 


wOilN JtEXN, . . « . 


JLOuuOD. 


RoBUiT B. Pbuson, 


, .laveipool. 


JoBV Bamsioitoic, 


Crowd* 


JooiFH WanrwrniTa, 


Manchester. 


Nicholas Wbooi . 


Hetton. 


COUNCIL. 




{Five of the number to be elected.) 




BirmingfaMD* 


BdWABD a. OoWPBBy . 


London. 


William G. Obaio, . 


London. 


JoRV FsRirni, 


Derliy. 


Geouce IlAiuasoN, 


IjirkciilieaJ. 


Sampson Llotd, . 


Wednesbury, 


Charles MaT| . . , . 


London. 


J. Scott Russell, 


London. 


0. William SinmrB, 


London. 


Edwabd Wslsov, . 


Woroester. 



The CflAiBMAV Mmovmoed that the BeShi Lists had heen ofionod bj 
the Ooromittee appointed for tiiat purpose, and the following New 

Membtsiri were duly elected :— 



SBS. 



William Adams, 


London. 


BOBBET BbAOOOK, . 


Leeds. 


Tbomas Eolbstob, Jnt.y . 


. Paris. 


Bobbbt Fooo, 


London. 


Henry William IIahman, 


. Manchester. 


Jeremiah Uead, . 


Leeds. 


Matthet^' MuHJiAY Jaoksos, 


. Zurich. 


JoBJi McKbbzie, . 


Worcester. 


Jbah Fbab^oib PAQunr, 


Madrid. 


JOBAXHAB PlM, 


Limeriok. 
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John Platt, .... Oldham. 

WiLMAM Ri<.iiAUD80N, . . OhOiam. 

John Robinson, . . . Manchester. 

Ohabum Sao&k^ . Maach^tor. 

Jonra SHOirLSWomTB, . fjincolii. 

Cbablm p. SmriBT, . MandMler. 
HnBT WzoKHAM WioKHAii, M.F., Low Moor. 

Lamploob Wtckhak WtoKBAX, Low Moor. 

Thomas BnADBrnY Winter, . London. 

Joseph Wejoht, Jun., . . Binuingbam. 

ROBOEABT MKXBBR. 

AsMumwL OLVHia SHmouFF, . Woroester. 



The loilowmg Paper was then read : 
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^DESCRIPTION OF 
OAXKS' BmOK-MAKINQ MACHINE. 



By Mb. JOHN E. CLTFT, of BiRMlJfGHAM. 



Ill ordiniiiy Ijaiid-made bricks, the main expense of the process 
of making, besides tbe burning, consists in the preparation of the 
cUj, so as to render it suflicieiitlj ductile to allow of its being 
foroed into the moulds by haDd-prawne ; this necessitotofl the mixture, 
of wiiar inih it, and thus leqinree also the farther prooeaa of diyiDg 
the hriciks belbre placing them in the hihi. The riak oi damage and 
the delaj hm weather alao add matariaHy to the ezi>enfla of hand- 
made biieka. The applioation of machinery to the maira^Mture 
of bricks has for its objects economy, ccilaiiay, uad expedition of 
production, oiwi improvement in the quality and appearance of the 
biioka. It is still a question how far these objects have been attained ; 
and out of the large nnmber of maohinea invented for hnok-making 
hut few are at pfeaent in regular work: omittmg tile and pipe- 
makiiig nachinea. The madiinea now at wQilc may he divided into 
two oUwaea : — ^tfaoee which opento upon the bh^ in » moist and 
plastic state ; and those for which the material requires to be dried 
and ground pitvious to being monlded. In the former class, the 
plastic column of clay, having been formed in a continuous length 
by the operation of a screw, pugging hladea, or rollers, is divided 
into farioka Iff means of wires moved across, either whilst the clay 
ia at reat, or whilat in motion If the wuea being moved obliqoely 
at an angle to compenaate fbr the apeed at whieh Iha olaj tntvela. 
In of the olay having to he made soffidenily soft to aDow 

of this wire- cutting, the bricks made are but little harder than thoso 
made by band, and require similar dryinir 1' t iio being placed in 
the kiln ; and this drying, together with the expense of prq>aring 
the clay in the reqoiaito manner, lenders the ezpenaea of man uf acture 
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similar to those involve<! in hand -made bricks. In the second class 

of machines, a superior tinisli ut appearance is obtained in the bricks 

by their compression in a dry state in the mould ^ and the objection 

of aubaequent dijing is aroided: but the additional preparation :| 

leqnisite in diTmg the day aad rednciiig it to a Boffioieiitlj fine and 

udfonn^ pnlTesised staie^ and the more ejq»enfliYe diaaracter of Ihe 

madiineiy involved, add materially to the cost of mannfiKitiire. . 

By means of the brick-niakiug machine described in the present 
paper, which is the invciilion of Mr. Gates of Krdington near 
Birmingham, the difficulty of previous preparation of the clay required 
in the second class of machines is not incnired ; while at the 
same time the snbseqnent diying of the hiicks leqmred frith the other 
madunes is sroided. In this machine the day is used of sadi a 
degree of diyness as to allow of its being mixed np and macerated 
and compressed into hridn hf a single oontinnons action ; ihe clay 
bcincr formed into a continuous coliuuu and compressed into the ^ 
moulds by the action of a revolving vertical screw. The clay requires 
generally no previous preparation beyond that given by the ordinary 
crashing roUers^ and is sometimes ready for putting into the machine 
direct from the pit; in other cases, where containxng a mixtars 
of stones, it is first passed through a pair of cradling rollers. 

The madiine is shown in Plates 48 to 51. Tig, 1, Plate 48, 

is an end elevation of the machine ; Fig. 2, Plate -19, is a front 
elevation, and Fig. 3 a plan ; Pig. 4, Plato 50, is a vertical transverse 
section enlarged, and Fig. 5 a plan of the screw ; and Fig. 6, Plate 51, 
is a longitudinal section of the machine. 

The cast iron day i^Hnder A, Fig, 4, Plato 50, is expanded at 
the upper part to Ibnn a hopper into whidi the day is supplied, and 
tiie lower cylindrical portion is about the same in diameter as the 
length of the bride mould F at the bottom of the pressing chamber B. 
The vertical screw C is placed in the axis of the clay cylinder, and 
carried by two bearings in the nppcr fraim' D : this screw is parallel 
at the lower part, the blade nearly tilling the parallel portion of the 
day cylinder, and is tapered conically at the upper part to nearly 
double the diametsr. When the clay is thrown loosdy into the 
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Hopper, it is divided and directed towirds the oentre hj ih» enrred 

wrm E rerolving widi tiie screw sbeft, md dnwn down by tiie tapered 

portion of the screw into tlie ] :ir;il!el part of the claj cylinder, in 
sufficient quantity to keo{> Uus [na i of the cylinder constantly chargocl, 
any snrplns clay easily escaping laterally into the looea clay in the 
liopper. The day ia then forced downwards by the parallel portion 
of the screw into the pressing chamber B, and into the brick mould F, 
which consists of a parallel block equal in thickness to a brick and 
sliding between fixed plates above and below» and oontaining two 
moulds F and G, Fig. 6, Plate 51, corresponding In length and 
bread til to the bricks to be made. 

The mould block F, Fig. 6, Plate 51, is made to slide with a 
reciprocating motion by means of the revolving cam H, which acts 
apon two rollers in the frame I connected to the mould block by a rod 
sliding throngh fixed ^yes ; sad the two brick moulds are thus placed 
alternately under the opening of the pressing chamber B to reonye a 
chaige of clay, the mould bloek remsining stationary in each positioA 
during onc! (|uartt'r of a rovolntion of the cam II. When tlic brick 
mould F is witluh'ftAvn froTn under the }»ress chamber, the brick is 
discharged from the mould by the descent of the piston which is of 
the same dimensions as the brick mould ; the piston is pressed down 
hy the lever M worked by the cam N, when the brick mould steps at 
the end cf its stroke, end is drawn up ^;va^ before the return motion 
of the mould begins. A second piston L acts in the same manner 
upon the second brick mould G; and the discharged bricks are 
received upon cmlless Itands 0, Figi^. 1, ^, and IMates 18 and 40, 
hy whicli they are bronr,'ht successively to the front of the machine, 
where tliey are removed by boys to the barrows for conveying them to 
the kiln to be burned. 

The solid Uock that divides the two brick moulds F sad G is 
sUj^tly wider than the discharge opening at the bottom of the 

pressing chamber B, having an overlap so that the making of one 

brick is teruiit.ated before that of the next begins, in order to ensure 
completeness in the moulding. During the instant when this blank 
is pasfiiug the opening at the bottom of the pros&ing chamber, the 
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discharge of the clay is stopped, and it beoooMs neoetMry to pHm6§ 
some means of cither relieving the pressure during that period or 
stopping the motion of the pressing screw. The letter plan wonkl be 
impracticable ; and In this machine the former mode is provided by a 
TBiy ingeaioiis contrivance) forming in effect a safety valve, which 
IcerentB the pnemive in the ohember from inenariog when the briek 
mookl is ihat off, end also aerrea to maintain a mulbna preasm 
during the lormatioii of the hckk, ao aa to ensnre eadi moald being 
thoroughly and equally filled wilii day. Thk is efleoted by an escape 
pipe P, Fig. 4, Plate 50, which h similar in form to the brick raonld, 
but extends iiunzoiiially from the side of the pressing chamber, and i» 
open at the outer eoLttwaJLj, The regular action of the scrow forces 
the clay into this escape pipe as far as ita outer ^tremity, forming a 
parallel bar ofdaj in the pipe: the rewatanee oansed by the friotion of 
this bar in sliding throq^ the p^ is tim the measore of the atnooni 
of preasnre in the maohine ; and this pressure cannot be eiceeded 
in the machine, for the instant that the brick mould is full the 
further supply of clay fed into the pressing chamber by the con- 
tinuous motion of tlie screw escapes laterally by pnsinng outwards 
the column of clay in the esica|K> pipe. The uniform pressure of every 
brick in the mould up to this fixed limit is ensnred by the escape pipe 
not beginning to act until that limit of pressure is readied. Ba aeiioii 
is similar to that of a ssife^ ysIts ; and the amoimt of pieasnrs under 
which the bneks are made is directly regokted by adjnstuig Ihe length 
of the escape pipe. 

The important result of this arrangement is that it prevents any 
risk of overstraining the machine ; and the action of the screw has a 
special advantage in filling the brick mould with a continuous uniform 
atream of day, ifhioh ia being oonatantly si^phed at a nniibcm 
moderate pressnre, so aa to ensnre the monld being thoronghly filled 
with a mifonn density of day thrcaghont, withoot requiring any 
sadden excessive pressure that would cause the bride to be denser cm 
the outside than in the centre. The pressing chamber is made larger 
in transverse area than tlie sn])plying screw cylindiT, in order to 
increase tlie uniformity of pressure on the clay in ihv chamber; and 
the regularity of action is diown l^ the woridug of the eso^ pipe, 
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wbaA diflduurgeB a oontinuoiia h§i of solid cUji idTMioiiig hy inter- 
mittoni ftepn of 4 to i ukoh length 6Mh tinio thftt the briok moold u 

shut off and changed. The projecting piece of clay from the end of 
the escape pipe is broken off from time to time and thrown back into 
the hopper of the machine. 

The upper side of the solid block separating the two moulds F and 
Q it iKod with steel, ae shown in Figs. 4 and 6, Plates 60 and 61, 
and the upper feee of the briek Is smoothed hj being sheared off b^ the 
edge of the opening in the fmssing chamber; the nnder Cmo of the 
bfiek is smooihed hf being planed hj a steel bar Fig. 6, fixed 
along tlic edge of tlie luuler plate, having a groove in it lor 
discharging tlie shav^ing of clay taken off the brick. 

The screw shaft is driven by bevil gear from the shaft 8, Fi^, 1, 
Plate 48, which is driven by a strap from the engine, the speed 
being ad|iisted aooording to the qnalitj of the day or the wear of 
the sekeir. The serew Is driren nt abont 80 levohitioiis per minnte, 
dsHTering the bficiks et the mte of abont 80 per minnte when at Mi 
speed, or one brick for each revolution o^ the sere^. The maebine 
completes rugalarly in ordinary work 12.0QU bricks per day. or an 
average of 20 good bricks per mumte. Tlie amomit of power 
required for driviug tho machine and tiie wear of the screw vary 
aooording to the material worked. At the Oldboiy Brick Works, 
where two of the machines haye been workmg regularly for three 
years, the elay is e cakareons marl, and the power required for each 
machine is abont 12 horse power ; the rate of mannfactnre is 80 bricks 
per minute. 

The wear of the screw varies considerably according to the material 
of which It i& made and the quality of the clay worked in the machine. 
In n machine working at Gobham cast iron screws have been worn out 
in ft short time with veiy siHcioiis maiterifti ; bnt in two machines 
working at Goeport for two ysars, the sorews haTO been renewed only 
once in that time, slihough as mm^ aa 8 milUon bricks were made 
bj the maehhies. In anoiher machine working for two years at the 
Jilaenavon Iron Works, the screw and mould block have been made 
of gnn metal, and are found considerably more durable. 

M 2 
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With regard to the Lurniiif^ of tht; bj icks made by these machiucs^ 
110 (litlionlty has been found from the bricks not liaving be^n dried 
before stacking in the kiln ; aud a verjr small proportion of waste is 
made ia the borning. Where the day contains; mnch alamlna and 
rstauui more moisiore in oonseqneiioe, it is ioaod ftdrisable to sted^ this 
bnekB in the Idfai in <'liflis" ss they m termed, d from 15 to SO 
conraee each ; as soon as the bottom lift has been stacked, small fires 
are lighted to driTe off the steam from the bricks which might other- 
wise soften those stacked above ; the middle lift is then stacked and 
similarly dried, and then the top lift, after ^vhieh the full fires are 
lighted. In other oases the whole kiln is stacked at once, and 
no diflfenlty is experienoed £kmii the lower bricks not being able to 
bear tiis mi^t oC tho rest. 

The qosfitj of the brioks is shown hj the spedmeiw eiiiibited 
firom machines working in different places ; and iSnBf hanre been fomid 
th<jroughly satisfactory in soundness ami ^?trength. The crushing 
8tren,i;lli of these bricks made iu the machines at Oldbury has been 
fomid to be double that of the hand-mado bloe bricks of the 
ntighbonrhood, being m average of 1^ tons as conqiaied with 
76 tons, or 8034 lbs. per sqmure inch oompsred with 4903 Ibs« Tho 
tmnsverae stnngth wiUi 7 inches length between the benrings is 

Lluiiti nmtlo l»rick« and 2440, average 2350 lbs. h .nti-mad^:. 

Machine-maii*} brickfc... 2'JGU and 3210, „ 3085 „ a 1 per cent. 
Do. hard burned 3960 and 4GB0, „ 4320 „ 84 per cent 

With regard to the economy of manufacture by the machine, 
the two exjK'nsive processes of drying the bricks before buruing 
as in hand-making and wet machine-making, or of preparing and 
pnlyeiising the olsj as in diy-clay machines, are dispensed with 
entirely or to a great extent ; and the power Teqnired for working 
and the cost of repairs are mnch rednoed as compared with other 
machines by the simplicity of constmction : the mode of a)>] living the 
power by the action of tlie screw with the provision of the escape i)ii>e 
effectually prev<'nts any uiulue strain npon the machine, and avoids 
the sources of wear arising from very heavy pressure or the eonenssion 
of blows. The economy and adrantages resnlttng from the application 
of machineiy to the mannfactcre of bricks are so in^Mirtant that 
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when once tlie practical dUriculties arc thoroii«rlily snrmomiti'd it innst 
be expcctoJ to liavo a rapid oxteusinn ; aiui Itistead of so small a 
proportkjii hn'mg manu^ACtured by machinery out of nearly 2000 
» millions of bricks made annusUy in this countiyf ibo time Cttinot be 

hr dwtai when hand^nuMto brkks will beeome DMiij at nre m 
aaU-tlmslMd corn. 



Mr. OuFT said he liad aeen the iroridiig of the macfamea at 
Oldbniy oa eereral oooasioiia, and they worked ezceedmgly well, 
prodncuig hrieke of aimlibrm good quaUtj with great rapidity. In 
some others of the machines it had been stated that as many as 

iiO bricks i)or minute had been made, and even 20,000 bricks ju r day 
had been produced by <»ne machine wlien workiiisj: under very favouralde 
. circomstances ; but in the machines that he had seen the regular run 
of work ih&i was produced with certainty was 80 good bricks per 
minnte exdunre of wasters, or 12,000 per day of 10 hoozs, with a 
12 horse power engine ; and the nuMshine ooold be relied on to eontiniie 
taming out this quantity of bricks {hronghont the eaatire year. He 
exhibited a number of samples of the bricks made by the machine, 
wliicli he considered wero fair specimens of tlie urdinarv quality 
produced and fit for any kiud of work ; and showed also specimens 
made from diflerent qualities of clay in different parts of the country. 

Mr. H. G. LoiroEiDoa thought the machine described in the paper 
was decidedly the most perfect brick-making machine he had yet 
seen : he had seen it at work at Oldbury and at Stourbridge, and the 
brkks produced aj peared to be of Tory good quality. At Oldbury 
there "vvas a great ipiantity of stone in the elny, forming a material 
which it would be almost impossible to •work fur liaiid-made bricks ; 
and he was surprised at the excellence of the bricks that he &aw tunu d 
out by the machine with that clay. The machine seemed well contrived 
for durabilily, and would be subjected to but a small amount of wear, 
the greater part of the wear and tear bdng on the screw ; the amount 
of this wear was perhaps rather understated In the paper, as a 
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oonndmbto Mnouiit ol wm mutt gmmUy be ozpeetad. Am soon m 
tiM aoiew had booome nnuii worn a wisle of poirar woold ooonr, fnmt 
the cUjr slipping bttok part tiie sontir, and being menlj kneaded 
withont being pressed into ibe monld; end there mnet alwajebea 

fe;j)are screw at hand to rei>laco tliat in tlic inucliinc as soon as worn 
out. In r(>fcrencc to the quantity of bricks prndnced l>y the machine, 
he saw them tamed out as £ast as the bojs ooold pick them. oSl ixosa 
the front of the maohine. 

Mr. E. A. Oownn remarked that the brids exhibited had not 
any hdlow of firog in the upper &oe ; and enquired whether that ooaM 
be done by the nuchine, as it waa generaOj oonaideied an advantage 
for holding the mortar. 

Mr. Gates said this had uot yet been done, hut an arrangement 
was now being made to accomplish it with the machine, borne of the 
bricks exhibited haTing * stamp on one of the fn* had been pressed 
in a separate presaing maohine immediately on leaving the ™>"M™g 
maohine, and some model brieka were shown on whibk the atamp had 
been pni in the moulding nuMhine by an impfovement in tlw 
apparatus. 

Mr. J. Manning thonglit the machine that had been described was 
well wortli tlie uttcntiou of practical men : he liad seen three of tho 
macliines at work at Oldbory and Stourbridge, aad was satisfied of ihcir 
practical efficiency ; in each case excellent bricks were turned out. The 
rate of prodoetion be obsenred to be frequently $0 bricka per minnte, 
with some Ibw wasteta amongat this nmnber ; and he waa snre therefore 
that 30 good brieka per minute waa safoly within the fiaoit. An 
important object to be aimed at in the construction of brick-making 
machines was to reduce the number of processes througli wliich ihe 
clay bad to pass in being formed into bricks, in order to simplify 
the apptioation of machinery and effect economy in cost and time of 
mann&etnre : this objeot he thought waa well carried out in the 
maefaine now deaeribed, fi>r the elay waa taken direct from the pit, 
passed through the oruahiag rollav, and then M straight into the 
moulding madrine ; and in a quarter of an hour after being brought 
from the pit he liad seen the sume chiy in hrick.s stacked in the kilu j 
snd iu a tew days they were burned ready for use. 
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Mr. %AMnom Llotd observed thai deCwts had been found in 

previous brick-making machines, partieularly in the qnalitj of Aa 
bricks produced, and asked whether tliis was obviated in tlic present 
machine ; it wotild be au important poiut gained if tlie^^c difficnltics in 
•ppljing machinery to brick making could be succesefiillj overcome. 

Mr. OuFT iboo^t ih»t modi of the diffiouU^ expenenced in the 
use of other briok-nuddng maohmee arose from the emfdoyment of diy 
daj for making the brides, in whioh case the day was lequired to be 
previously dried and pre])ared for the madime ; ivhile at the same time 
Bome doubt had been felt whctlier dry-chij bricks were not of too close 
a quality to allow of their being thoroughly vitrified in burning. Ill 
haiid-made bhckfi and the bricks made by the machine now described, 
the day was mon open^ not having been dried be&>rc moulding, and 
not having been anijeeted to n heavy pressure in moukiing ; and the 
moisture being dried oat in burning, the heat eonld more eadly get to 
erery part of the brides so as to bum them thoroughly. 

Mr. C. Mat considered the ddSsote of brick-making machines 
applied more particularly to dr)-clay machines, in conscqncncc of the 
greater complication of machinery required, and the greater dithculty 
of burning the bricks sound and strong, than with moist clay. He 
tiiought the madiine now deseribed was a veiy good oaw, simple end 
complete in its aetton ; but doubted whether brides eonld be moulded 
at so low m eost by madiinery as by hand, since they were already 
made so dieapty by hand lliat there was not much margin for saving 
by the application of madiinery. He also was not satisfied as to tlie 
safety of the conclusions drawn witii regard to the number of bricktj 
that could be regularly produced by the machine ; for though 20 good 
■^'^ bncks per minute might no donbt he made, it did not foUow that 
- , 4q 1,^1^ could be made during an entue year ; and the 



be met with in the same brick field ; the clay might be drier or 
containing a greater quantity of stones in one place than in another, 
which would make a considerable ditfercncc in the rate at which the 
bricks were turned out by the machine. The machine now described 
was certainly one of the best he had seen for woiking raw day direet 
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from the ]>it : a more severe pressure miglit perhaps be employed with 
advantage, to obtain a superior finish in tlie hiieks. The samples of 
biicks exhibited fram tiie pre^^cnt macliine he observed were many of 
ihem imiuimUy heivy, whidk wooid be oonndered an objeotm la « 

Capt. Qoou> Slid lie had aeen a qoantify of biioks made tgr oneof 
these maobtnes at Oobham, of tiie same siae as ihe o fd iaai y Londoa 

bricks, fur the purpose of being laid with them ; the size of the 
bricks would be determined by the size of mould employed, 

Mr. E. A. OowpKB enquired what was the total cost of makiug 
bricks by the machine, taking the aotaai make of a long period, 
. indadiiig the charge for the machine. 

Captw QooLD replied thai the cost of hridc makiiig Tiried modi * 
aooording to the price of coal in different localities ; hot then nas rcry 
little variation in the price of ^e nnhomed brieicB made by the madune, 
the difi'erciice arising muiiily from the varvinir aiuuunt of royalty ^ 
cliargcd on the clay in the pit, which varieci li u)u to 2.*?. Qui. |>er 
1000 bricks. With the macMue at Cobbam, which was employed by 
Messrs. Peto and Betts npon their woriu and ooming mider his 
constant observation^ be considered that the totsl expenses ezdnsiTe of 
coals would not haTo exceeded £864 for a year of 961 wofioBg da|ys, 
indfiding all wages and interest on capital, had not 13ie machine been 
at too great a distance from the clay pit, requirinir fourbarruAv men to 
kec]) it siipplit'd uitb el;iy, uliiidi added considerably to tlie amount paid 
in wages. The machine had now been at work without intermission 
for six montliB, and the rate of production had reached 200,000 
bricks in a iDrtnight of 11 days; the aTsrage number per week of 
5) days was considered to be about 80,000, or at the rate of 24 
bricks per minute. Ibe contract for thebricfcB in and ont of the kilns, 
exelttsive of the cost of the coals, was flret taken at hs. 9d. per 1000 ^ 
bricks; which was afterwards increased to fis. dd., owing to tlie distance 
of the elay from the machine. To this had to be aiM( d OtI. per 1000 
royalty, and the wages of the et) i:\nc driver at 6c/. per 1000, raising 
the expenses to 7^?. 9d. per looo bricks. The quantiij of cofds 
reqnired for burning the bricks and for the engine driving the machine 
might saftly be taken at ) ton per 1000 ; and the price of coal theie 
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being 85«. per ioii| the total cost of mtkuig Uw biicks by the niAcbuie 
amoonted to 20$, per 1000, ineliidiiig the bnnuiig. Hue was tlie 
aetoal resiilt obtamed with the macthme at Gobhani during six months* 
continnons working ; and the rate of prodaotion having been as manj 

as 200,000 liiicks in It days, he was convinced that 20 bricks per 
minnt^ could l»o fully depended upon as <[uite on the Bale side. 

Mr. W. May asked wliether the cost of 20«. per 1000 included 
the interest iipoii the cost of the establishment and the engine for 
driving. 

Oapt. OooLD replied Aat the inteieet on the entire ontiaj of 
eapital and 13ie whole of the expenses involyed were redsoned in the 

cost of 20». per 1000 bricks, including the 16 horse power portable 
engine for driving the machinery. 

Mr. J. Manning had obtained the actual cost of labour in working 
some of the machines doring a eonsiderable period, having ascertained 
the eost of eaeh process. In one instance the total cost of labour 
amonnted to 5s. 6tf. per 1000 bricks, inelnding digging the day, 
winding it up an ineline from the pit, passing it through rollers, 
wheeling it to the machine, stacking the bricks in the kiln, and 
afterwards drawing them when l>urned ; the rat« of wages beinc^ about 
an average of those paid in the manufacturing diistricis. In another 
instance the total cost of labour amounted to 6s. per 1000 bricks, out 
of which lOd, per 1000 had to be paid for wheeling the claj from one 
part of the establishment to another, owing to bad arrangement of the 
premises ; had the ground been properly laid ont, this item might 
hare been rednoed to 4d. or %d, per 1000, reducing the cost of laboor 
to 55. 6d. or .').?. 4d. Hence the cost of laltour might be safely taken 
at from ov. to C)s. \>eY 1000 bricks ; and the total cost i)er 1000 
bricks would then he obtained in any instance by adding the royalty on 
the clay and on the machine, together with the cost of | ton of coals for 
baming the bricks and driring the machine. The greatest Tariation 
was in the oost of coal, which raried from 4s. per ton in the minenl 
districts to 18s. or 20s. per ton in the neighbourhood of London. 

Mr. H. G. IiONQRTi>OB asked whether Inth the machine the day 
had to 1)0 turned over and tampered by exitosure for a winter, as for 
hand-making, or whether it could be used direct from the pit. 
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Mr. Oliw said ihtA in the Oldboiy dagtriet the clay was not 
tempend, bat simply passed throagh ibe omdung raUefs and fad 
dizeot into the maehine. 

Oept. GooLD stated tliat in the ease of Hie nadiiiie at Cobham 

the works had been Btarted only six inontlis, so that there liad been 
no time for tempering the clay fV>r all the large qnantity of bricks 
that had been made by the machine in that time, aud tiie clay was iVd 
direct into the machine without any delay for preparation. Ihe 
matenal worked at Cobham, of wbioh a spedmen was shown, waa 
wy nn&yoiirablB for bruk makingi and great difBeolty waa experienced 
at &st in stac^ng ^e bricks for buming, as the day was so weak 
«id friable that hand-made bricks made of it wen emshed by the 
slirrlitest pressure. The machine however bad the advantage of 
enabling bricks to be made by it in districts where the material did 
not admit of their being made by hand ; and from the trials already 
made with the maehine in different loc^ities be was satisfied that any 
deaoription of bribk earth, from the stiffest and most tMcy London 
day down to the driest sandy material, eoold be snooessliilly worked 
by the maehine. He exhibited a briok made for trial of an eztrsoM 
quality of material, which contained 84 per cent, of pure silica held 
together only by a little white powder, and with( ut any aliuiiiua iii it. 

Mr. C. May asked what the remaining 10 per cent, of the clay 
consisted of, as it was important to know the other constituents ; for 
if the day consiated of sndi pnte silioa, bee ixom. alumina, it would be 
an inralnable material for making firebridu. 

C^it. GooLD did not remember what were the other eonstiCaents 
of the day, bat had nnderstood tiiere was no ahnnina at all in it. 
The silicions brick was made in the machine at Oldbury, but the clay 
was from Tenby in Honth Wales. 

Mr. W. Ha\vk.E8 observed that an important quality to be considered 
in all hridES was the extent to wluch they absorbed water, sinoe it waa 
impossible to boild diy honaes with brioks that absorbed wntsr readi]|y. 
The absorption of ordinaiy brides was about l-9th of their wdfl^tt or 
a bride of 9 lbs. weight ^rovld absoib abont 1 lb. of water. The 
bricks made by the ma<^ine appeared to be heavier than the ordinary 
hand-made bricks of the same dmicuiiions j and he enquired whether 
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ilioir power of absorptioQ Imd bceu asicoruiueil as comp&reU with 
ordiaiu-y bricks. 

Mr. Oates said ha luul not racasnred the absorption of the bricks 
nude by the machine, but belierdd it would be less than thai oi luuid> 
made kMndcs, siiioe it tfpgmnd from the frsckiie of tba aMbhiae-BUMle 
brieks thfti tbey were oiore nnifomlj bvumed throaghoaft. 

Mr. O. Hat observed that in compering dHFereni brukB H wovid 
be necessary to be particular as to the size of the bricks referred to, 
since there were great dilV rences of size and uu entire absence of 
uuiforniitjr in ihii^ respect. He found by measurement that among the 
brioke now exhibited one contained only 85 cabio inches and another as 
nuieh ms 199 cobie inobee, wbilst the genenlly veoeiTed stendard of 
eise, meaevring 9 x 4| k ^ inehee, oontained 121 odlne inohea. All 
the expenaet of maimlbetaie were direedj affeoted bgr the dae made ; 
and in the eaee of the aoiall aiaed London hrioke 1 ton of eoaUi waa 
suflifiont to buTn 3000 bricks, so that tlie cstiiiiato of ^ ton lA' coal 
per lUUO wao U>o i>i.Lch in that case. As to absorbing power al»o liie 
same discrepancies would be obeer?ed in consequenoe of difEerences of 
aise : bat he did not think thera wae any briok not pordy ntrified 
throogfaoiit that wonU not take op a eomidmble proportion of water. 
Ofdinaiy haad-made bneka offcen took up aa mwsh ae I lb. of water, 
when tried long enough to beeome saturated ; and if the bricks made 
in the machine absorbed less in consequence of being liardiT burned, 
then a lai gor (jnantity of Coal must have been consumed in burning 
them to the greater degree of hardness. 

Mr. Clift said the bricks referred to throngbout the paper were 
the laige siae brioks ohoim, oootanning 189 eabio inehea ; these were 
made in the maebine at Oldbaiy at • regdar rate of 80 good brieka 
per minute, whieb was a safe aTerage of aBVeral months* oontiniKnis 
work durincr wet and fine weather. Tlierc would necessarily be bonie 
varintion in size of the brinks made by ihf sum*' niachinc, arising from 
the ditt'erent degrees of sliriiikiiig in burning, which would depimd upon 
the position of the brioks in diffen nt parte of the kiln, 

Mr. W. Hawkbs thonght it was important to iix on some 
standard dimensions for bricks, that they might be fiurly compared in 
strength and othir qualities ; and suggested the common dimensions 

• V 2 
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of 9 X 4} X 8 iaohes m iiio«t sniteble. From experimmto tiuit ltd 

liad made oii the streiigtli of iliffeiviit sorts of bricks it appcaroti tliat 
the Boston Amprioaii Itrick, wliich was one of the smallest in si/.e, 
measuring only 7'5 ^ 3-4 x 2-2 inches, was one of tlie strongest 
under a transverse strain, the ATenge inoswme strength of four 
being 8008 lbs. ; wbtle the tnnmne itnngtli of • 8t. Petenbnig 
briek meeniriiig 10«0 x 4*8 x 2*8 mehee wm only 880 Ibe., both 
being eelenlaAed at 7 inchei diitenoe between the beerings. If these 
were rednoed to one oommon else of 4| x 3 incHee tnuosvOTse section 
^vith 7 inch bearing, tlie mean strengtli of the four Bostua bricks 
would be 4942 lbs., and the strength of the St. Petersburg brick 
947 lbs. or leea than I-5th of the former. In testing bricks both the 
treneverBO end crushing strength should be tried, as the brioke had to 
stand both etreine in piaetiee, bat were not eqoellj abk to veeiet them 
both. Ihe ebeorbing power of bricks ehoiild be tried 24 hom* 
immersion in water, whiob he betiered was the practice with some 
of the London builders, in order to obtain a reliable retiull by ensuring 
their complete saturation. 

The Chairman remarked that he had seen a brick-making machine 
working near Norwich, invented by Mr. Hodson of Unll, ooneisting of 
a oommon pugging mill with the koiTes or cutters set so as to loroe 
the daj tiirongh a monld at the bottom, the sise of the briek being 
r^golated bj a spring platform on which it was deliTeredandont off by 
band ; the maddnewtas driven by a hone and seemed to take bat littie 
power and \Yas au iuexpensive consfructiuu, and he uiidere>tood it was 
satisfactory and economie;d in ucrkmg'. 

Mr. Oatjss said in his early trials npon the plan of tlie present 
niachine he had made one to be worked by a man with a 5 feet lever, 
which required ywj little power to work it with soft day, and he had 
stiU got some of the bricks then produced ; the elay was pmpoeely 
made as soft as for hand-made bricks, but the briokB then required a 
drying process before stacking in the kiln, just as in h«id-making. 
"When the clay wujj used drier iu the maehine, so as to save drying 
afterwards, more power was wanted and an engine had to be employed 
to work the machine. 

He showed a woridng model of the piessiiig screw and escspe pqie 
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of the machine, sho^dug the regular action of the vertical screw in 
forcing out laterally through the horizontal pipe a coluiuu of clay of 
uniform density. 

Hr. E. A. Cowm asked wbat was the eoet of the madiiiiee, and 
how many there were at woik. 

Mr. Oaiss replied that the cost of the maehine was from £160 to 
£200) exelmiTe of the engine for driving it. There were now 14 of 

the inacliincs at work in dilTorent parts of tlie country, some of which 
had been working reguLirly for three years. The wear of the screws 
Taried considerably according to the quality of the clay ; in one instance 
the screw had lasted for as many as 2 million brieka, but with a very 
eilicioaB material it would not last nearly so long^ and one screw wonld 
not mske more then 950|000 hrides with a day eontaunag mneh sOica. 

13ie OaAuaua proposed a vote ol thanks to Ux, Olift and also to 
Ifr. Oates, whieh was passed. 



The following Filter was then read 
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DEbClillTTON OF A NEW CONSTRUCTTON OF 

HIGH PBESSUUK bXEAM BUILEIi. i 



By Mb. J. FBMS>EMQ BPBNCKB, or LoiDOa. 



This paper u commiiikftted hf tiio mritar with the view of 
cotttribntiiig to the gcn«r»l ejcperienee in generftting bImui of high 

pressure, say of 2UU lbs. per square inch, in tlio belief tbat whilst 
the economy of more extende<l expansion is fully admitted, a safe, 
durable, aud ccouomiLul generator for lugk pressures is still a great 
desideratam. The boiler to which this paper refers was in some of its 
ieetoree invented and woiked in America in 1852, and applied to work 
the steam pump of a fire-engine, lightness and rspid geneiataon of 
steam being the ^ef requirements ; and in December, 1856, the 
principle of mechanical circulation, one of the diief features of the 
boiler, was conceived and intiudnced bv Mr. Benson of Cincinnati, 
United btateti, and others. There are now al>uut 15 of these boilers 
working Batis£u!torily in America, 10 of them being attached to 
stationaiy engines and 85 to steam fire-engines. A boiler c^pabk of 
safeij generadiig steam of 200 to 800 lbs. per square inch, whi<9lL has 
been so sncoessfoUy and extensiTelj in operation, it was thonghi 
would be considered not nnworthy the notice of the members of this 
In.'^titntion. 

bafet^y, durability, and economy are the great rct^uircments in a 
steam boiler; and practical engineers know too well bj experience that, 
whilst it is not difficult to accomplish either of these singly, the * 
eombination of the three is extremelj so, and eepeoiaUjr where tlie 
steam to be generated is of very high pressiire. Among the various 
boilers that have been constructed for generating steam of very high 
pressure, the small tubular form has been chiefly adoj>ted, as being the 
stron|?est with the least weight of metal, and as also i>osseRsing the 
addiUoual advantages of atit'ordiog tlie largetit beating surface in a 
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pfiven space, and coiUuiuiiii; uluiost a miiLiinnni quantity of water. 
One of tlie most important functions of a steam boiler is regular, 
uniform, and constant circolation of the water ; so that as soon as Um 
tteMn w formfld it shall paaa withoat deUy into tiM tteam chamber 
•ad tibe Bfmt it oocopied b« inaKsdiaftely refilled witii ws(et« If firam 
•nj oftBse this Mtural aoticiii is iapeded, two iigiuiiMH oooseqiMBoes 
rssnlt : nanidly f6diMMid €(?apoffsti€ti md pmnatiir^ dsetfu^tiOB of tlis 

conducting metal. It has been found tli.it in luud and murine boilers, 
in which there is alwavb &ath a large amount of water in the boiler 
compared with the quantity avaporated, thers is geoeralljr a very 
defoctiTe einviktioii, as eyideooed bj slow eneporstum said mpd 
dsftmetloii of tbe eondiiotiiig metal. Ln gaaemfciiig steain vitiuiL 
•mail tabes contriniag a email amouit ol water, any deficienej of tka 
fM may leare the tubes wifhofat water, in eontaot witb a high 
temperature, and stop entirely or partially the proper circulating 
action so necessary in generating steam. The uncertainty of what 
may be teriued natural circulation led to the inyention and introduction 
of that wbieh forms the distinctive feature of the boiler now to be 
deseribed— maehaiiioal «inmlatioa : by wbncb ten to twealjy tanas tho 
qntniitf of water required Ibr steeon may be passed throngb the 
boiler wiOun a giTaii time. 

ThenewbcnlerieBliowBinFige. 1 aad 9, FlatesftSand 58; Fig. 1 
is a vertical section through the fiinuue and steam receiver, and 
Fig. 2 is a baek elevation with part of the tubeti in section. Above 
the famace F is arranged a series of tubes T of about 1 inch or 1| inch 
diameter and of any oanirenient length; theee tabes are endoaed 
within a bride caemg» or if prafeired a wafer space casing, aqoaie in 
plan; they sore eowed in at tbe top by the uptake and chimney. 
AloDgnde and seenred to the easing is tbe cylindrical steam reeeirer 
connected direct to the upper portion of tbe tubes by the pipes L, 
and to the lower portion of the tubes by the j)i})e E, the circulating 
punij) r, and the pipe (i. The boiler is divided into six distinct 
vertical sections, as shown in Fig. 2, each of which is separately 
eonneetod below to a common feed or cironlating pipe C commnniflating 

m 

direct by the Talve box V and pipe Q with the droolating pnmp P, 
and aboTe to the receiver R hy tbe pipes L. A pipe H ie also fixed 
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between t.lie receiver and tlio common feed or circnlatinpf pipe C, to 
allow the water in the receiver to pa^s into the tabes wheu the pump 
ifi not working and in starting the boiler. 

Tho tobes and receiver ten in the firat instam^ partiaUy filled with j| 
wftter pnmped in by hand, m in otiier boileni, the oommnnioeiioa 
between iJie lower and upper pcirtioae of tiie tobee and the raoeiw 
being open : the ftre is then lighted^ and «a rapidlj as tiie steam is 
generated iu tlie tubes it jtasses through them into the receiver, nntil 
tlie -svhole of tbe water is lieated and .sufficient steam is generated to 
work tlie circulating pump. This pump, worked by a steam cylinder, 
is double-acting and of simple construction, having instead of the 
oniinaiy self-aeting waives a O slide Tilve without lap and worked 
by an eooentrioy so tiiat its contiiraovs action oan be thoroogUj relied 
on ; this arrangement has in praetioe given every satisfaction. It will 
be evident that a small amount of power is required to work tiie 
circulating pump, since the pressure is almost equal on each side of ^• 
the piston; so that whether this pressure be 100 or 600 lbs. per 
square inch, only the friction of the water has to be OTeroome in 
eifiMting the eiroolation. A boiler of 100 nominal boise power would 
require a dnmlnting pump of only 7 inches diameter and It tneiies 
stroke, making 60 rerolntions per mtnnte* In addition to tlie 
drcnlatbg pump tiiere is tiie ordinary faed punp attaehed to It, to 
supply the deficiency caused l)y the evaporation; and the orduiiiiy feed 
pipe may be couuected either to the circulating j)ump, as at 1, 
I'^gs. 1 and 2, or to the pipe C, or to the receiver R. The water 
gauge is fixed on the receiver, and indioates the amount of water 
thereui lor the ngnlalion of the feed. As soon as snffident steam is 
generated to work the drodatmg pmnp, wfaieh in ordinary cases 
oocnpies about SO minates from cold water, the frill working action of 
tiic boiler eommences; and supposing 10 cubic feet of water are ^ 
evaj-ui ifod per hour, al)out 100 cubic feet are pRssed through the 
circulating jiipe C and tlie tubes by tlic circulating jainip. This 100 
cubic feet per hour is discharged from the upper portion of the tubes 
mto the receiver as mixed water and steam, the water falling to the 
bottom of the receiver and the steam remaining in the npper portion 
or stesm space. It might be supposed th«t the steam would not be 
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separated from the water with sufficient rapidity, and that rpry wet 
steam would be supplied: but practice and expenence liavc proved 
that this is not the case; the soparation is both rapid and distinct, and 
even when the water in the-receiYer has been allowed to rise to within 
a few inehea of the top, the eteam abteiiied has heen qmto as free 
from water as that nsoaUy supplied hj oidinarj land boilers. 

Each seetion of the boiler has ite own separate connexion with the 
receiver, and also with the common circulating ])ii)e C ; and the flow of 
water through the latter connexions is regulated to any extent eitber 
by simple contractions or by cocks or valves ; the contractions however 
axe preferred. There are also oooks or stop Talves on each of the 
iqper comiexioiis to the leoeiYer, so that any seetion of the boiler 
may be shnt off in esse of injury, without in any way affecting the 
efficient working of the remaining sections. This is a most important 
fj^atare of safety, and proWdes for easy repnr either at the time of 
injury or at any snbsequciit period when convenient. 

Pig«. 3 and 4, Plato 5o, sliow tlie tui>es to a larger scale; they are 
screwed with a right and left handed tliread so as by one movement to 
draw the two end bends together, and by this plan the uni<Mi of the 
tabes in each section is performed without difiScully. It will also be 
noticed that each section of tubes can expand to any extent, being 
suspended on the yertioal plates 8 by a small lug on eadi bend rivetted 
to them. For sweepinsr, cleaning, or removing any one of the sections 
hinged ddor.s D are jilaced in front of the boiler, thus giving ea8y 
accesi^ atany tinni to any portions of the tubes. These boilers have 
been made both with brick casings, and water space casings ; bat the 
former plan is preferred on account of eoonomy of first cost, safety, 
and improved combustion : when the casing is a water space, it may 
form the receiTor. 

FigB. 5, fi, and 7, Plate 54, show the arrangement of the boiler 
for marine }iur|)0ses, with a distinct set of tubes A for superheating or 
drying the steam after it has left the receiver. 

The general construction and working action of the boiler having 
been described, a fsw remarks may be added as to ite safety, 
durabiHty, and eoonomy. 
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Safety : — there can be no question of tlie great streogth of Bmall 
^lindrioftl tabes of I or 1^ inoh diameter ; aad m the reoeiTer is not 
AiOted <m bj any high (empeiataia, it oan be maintamed in fiiU atnngili 
&r a& almost unlimited period. In ooofleqwDoe ai tlie wall amoimi 
of water in the tabea but litHe injmy coidd ariao from their giving 
way; ami the receiver beiiii;- ronioved from any external source of heat 
could not in the event of its burstinix iirodue« the dangerous percussive 
action reeultiiig from the sudden release of lii^^hly heated water in 9, 
heated fine. Another clement of safety is the facility with whioh any 
iiynied section oan be diaoonnaeled from the reat of the boikr* 

Dnraliilily :^-4lie only part of the boiler aufajoct to groat heat is 
the lower portion of the tubes, and it will be readily seen that the strong 
otUTent snppfied by the eireulating pump tends to prevent not only 
deposit, but also any injury arising from want of water in the tubes. 
The tubes in one of these boilers that had been in constant work for 
18 months with water largely iniproc^atod with lime and other 
impurities were foond on examination of several of them to be 
per&otiiy fcee from soak, any solid mntter passing into the teeeiver 
from whioh it was easily removed. In order to asoertaan the effeot of 
woildng iAnB boiler with salt water, some escperiments have been made 
Avith one constructed in Newcastle by ^Messrs. Hawthorn. Tiiis 
boiler was i.u lat d «*1 wiouglit iron tubes, 1 inch inside diameter, and had 
about 340 square feet of heating surface and 9 square foet of grate 
snr&oe : it was kept in oonstant operation for I k days and nights under 
a pressnre of 80 lbs. per square inoh, with snlt water having about 
d-88rds or 15 per oent. of salt in it, a saltnoss greatly in earoess of that 
considered salb in marine boilers. Upon examination the lower tabes 
were found with an internal scale of l-16th inch, whilst in the upper 
tubes a scale was hardly perceptible. This experiment was made with 
the view of trying how much scale could be dej>usited under tlie most 
nn^vonrable drcomstances ; and the result clearly proved that with 
the ordinaiy saltness in marine boilers the system of meehanical 
euroalatton would enable these boilers to work safely for a lengthened 
period. Althoogh it is not intended at present to reoommend the 
boilers to be eontinnonsly worked with sea water, it is salssfiKStory to 
know thtit, when used iu combination with surface condensation, uuj 



Digitized by Google 



HIOH frBBtSUBB BTBAM BOILSB. 



269 



temponiij oestalioii of the pure mter supply cannot mjnriooilj sflfeet 
theni. 

Economy of Fuel : — it is well known that efficient combiiBtion, 
, thin coEtlucting iiietal, large heating surface, and regular circulation 

will give a large evaporative duty. Tho result of some experiments 
made in the United States in June last gm an er^mtiTe dntf of 
11 Um. of water per lb. of fvel : it ia however but fior to atate tliBt 
tbeae ezperunenfa were made imder itB&Toiirable dnjomfltanoes aa to 
tiio makmg of the b(nler. 

Economy of Weight : — it is in marine boilers e.^i)o<Mally that weight 
18 objectional)lc ; and an ordinary marine boiler witli '2000 s<jnare feet 
of heating surfa<»e is hero compared with one of the same heating 
8ui£ftoe ooDfitructed on this tubular and circulatiikg plan : — 

NewboUer. Ordinary boiler. 
Weigh t of boiler, including brick work, without water 22 tons. 20 tons. 

Weight of wftter in boiler 2 „ 19 » 

Total weight Of boiler and water . . . . 24 39 „ 

It will thus be seen that 40 per cent, of weight is saved ; and in this 
comparison the heavy I) rick casing of the new boiler has been included 
together with tho teoeiTer and conneziope. 

Economy of Space :-^taking again the new boiler with 3000 square 
feet of heating aurllMse and an ordinttj marine boiler havuog the same 
heating suHaoe, the spaoes occupied are aa follows : — 

floor ana aoaqoateftet 180 aqnaie faat. 

OaUo epaee .... ^ 960 eubio M. 1560 cable liwL 

This comparison ia greatly in favour of the new boiler, showing a saving 
of nearly 40 per cent, both in floor area and cubic space occupied. 
Economy of Cost and Repair : — as to the cost of oonstmction, 

experience has proved that in all cases the new boilers with circiilatiug 
* ptnup and receiver complete are made at a less cost tliat those of the 

ordinary tubular construction ; and with reference to the cost of repair, 
it is almost entirely confined to the tubes and brick casing and therefore 
cannot be serious in amountw 

One other advantage haa to be referred to in these boilers in 
comparison with those in general use: namely rapidity in raising 
» o2 
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steaia irom cold watoF. In Octol>er 1858 some interestintr oxperimeuts 
were ma<le at St. Louis, United States, to test seven steam fire-eugines, 
six of which had boilers on the circulatinu: prineiple : in these six the 
iteun was nuaed to 60 lbs. from cold water within 6 miaates. Thw 
ii easily aoootinted for by the enudl quantity of waiter teted npoa by the 
fire; bat in general praetke it is oonsldend advisablia to lim 
Tseem of water, so that fr<m SO to 46 nunntes may be neeessaiy to 
Taise steam. As tiie result of actual experienoe liie following proper* 
tions have been arrived at for efficient general it)n of steam : for land 
boilers having 2ni) to luou s(iuare feet of heating snrface there should 
be 1 oubic foot of steam and water ^>aoe to 22 square feet of 

heating smrftoe ; wbilst in boilen baTtng above 1000 aqnam feet of 
beating snriiue tbe proportion shonU be 1 to 26 : for manse boilera 
tbe proportion of steam and water space to the heating snrfiwe sbooM 
be 1 to 27. 



Mr. J. Xhbhaw ibonght the tabular oonstmotion of boikrs had 
seyeral adfantages, in oompactness and lightness, and in Inoreased 
ezt^t of heating sar£M$e with diminished fhiokiiBss of the condncting 

metal. He had made several tabiil«r boilers many years ago, consisting 
of a series of concentric spiral coils of tubes placed uj right in the 
furnace, each eoil containin<:^ three wpirnl tnbo«« of coarse piteli, and the 
coils being right and left lianded alternately ; there were 22 tabes in 
all, each about 27 feet long, of copper, IJ inch diameter inside with 
^ inch thickness of metal. The spirals started at the bottom from a 
vertioal water vessel placed at the back of the foniace, and retomed at 
top into the top of the same vessel, which commmiicated by pipes with 
a receiver situated over the famace and forming the steam chamber of 
the I'oiler, through which the uptake flue tr> the chimney passed for the 
purpose of superheating the Rteaiu ; the water was kept 4 inches deep 
in the receiver, so as to ensure the tubes being always full of wat«r. 
One of these boilers had been put np in Birmingham, supplying steam 
to a pair of 6 inch cylinders, workmg at abont 6 horse power. 



Digitized by Go 



BIQB PSIMUJUC STEAM BOILER. 271 

The OsAintAS asked liow long the boilers referred to had been at 
work) and huw long the spiral tubes lasted. 

Mr. J. Inshaw replied tliat tlie boiler erected in Birmingham had 
continued at work for two jcurs without requiring any repairs to the 
tubes, but it was tiMn heated red-hot and borut down through wilful 
MglMt on ih» part of the stoker. The firegate was hinged at the 
hack and held up in front hj a ebain attaohed to a iiuihle plug in the 
leoaiTer ahoTe, wilh the intentioii <h«t the fire ahouid be dropped 
in case of the water erer falling so low as to uncover the tops 
of the tulx'S ; but the stoker having on one occUision purposely })rop}>ed 
U]} the grate and ncgleetcd to till up the supply of water, the whole of 
^e tubes were burnt down. He had at Urst feared that the circnlntion 
of water through the tubes in regular mak wotdd not be euffioient to 
pment their being bomt down, aa there waa only the natural dieola- 
tioii ol the water to produce the neoeasaiy current through the tubes; 
but the tubes being eaoh m contumous qnral, without any sodden 
tarns, presented less obetmction to the pass^e of the water through 
tlicm than would l>e the case in a boiler constructed like that described 
in the paper. One of the connecting pipes to the receiver had been 
replaced by a glass tube, that the circulation might be seen while at 
work \ and a continued froth of mixed water and steam was seen to pass 
up into tho leoeiTer from the water Teasel. The copper tubes in these 
boikn had proved durable, and did not become choked with deposit as 
he had fsared would be the case; for on cutting one cf them in two after 
six months' work with fresh water there was fomid to be very little 
incrustation of deposit. The rajudity of rai.sing btcaui in the boiler 
was remarkable &6 comj)ared with boilers of the ordinary construction, 
steam being raised from cold water in 1 2 to 16 minutes easily ; and 
the bmlers had proved economical in fuel, on account of the superior 
eonduslmg power of the thm copper tubes. In the boiler described in 
the paper he thought it wadM have been better to place the receiver 
higher up, above the level of the tubes, and expected that would give 
drier steam. 

Mr. J. Manxiko thought there were a great number of joints in 
the boiler shown lu liie drawings, and feared the cast iron bends would 
suffer from expansion and contraction and be diMcuit to keep tight ; 
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it was a disadvantage in a boiler to have to doj>cTui upon a great I 

number of joints all keeping sound and tight, and he enquired what 

was tlie amount of wear and tear in the boiler. H© was much 

Mtooished at the extraordinary rapidity of raising steam that was | 

■tated in the piper, in so shoit » time as 6 miDales from oold mter, 

Mid asked what foel was used ; in otdinaij boilera ^e amdm from 

cHiber wood or eoal would hardly be got lid of in that time. 

The amount of inomstation in the tubas seemed remarkably small in 

the boiler described ; for lie had known of tubes of 1 inch inside 

diameter being made up to only ^ diameter in two to six weeks' 

time. 

Mr. Si ENcER sud the incrustation in the tabes would be materially 
prevented by the mechanical drculation of the water, whioh formed the | 
main featare of the boiler nowdeaonbed: as lonff as ihe cupoolatniar biiukp 
oontinned at work the cfredation of waiter waa kept op and there was 
sufficient power in the current of water to sweep ont any deposit from the ^ 
tubes, so that little injury could result to them from that cause. With 
regard to the expanRion of tin; tubes, no diflRcnlty was t^xperienced 
with the joints or cast iron bends, and there was as much freedom for 
expansion as in a coiled ^iral tube. The arrangement of spiral coils 
of tnbing that had been mentioned might answer for a small boiler, 
where a small amomit of heating snrtiuse was aoffident; bat he thonght 
it would not be practicable for a large boiler requiring from 8000 to 
4000 square feet of heating snrfitoe. In the boiler described in tiie 
paper great facility for repairs was atlorded by its division into a 
number of idlr] . li l* nt sections, each suspended hy a centre attachment, 
so that any section could be detached and withdrawn without interfering 
with the rest of the boiler. As to the rapidity of raising steam, 
this depended mainly on the total quantity of water in the boiler, aa 
the whole of it had to be heated to the boiling point beiisra any 
steam was raised ; andby diminishing this total quantity of water the * 
time required for raising steam might be redoeed to any extent de«red. 
He remembered a locomotive for common roads being tried sereral 
years ago, in which steam was raised in 12 minutes from cold water, 
as there was but a very small quantity ul water in the boiler. In the 
present boiler the quantity of water was ?ery much less than in ordinary 
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boilers ; and the area of heating eiirfacc bciug at the same tiiuo 
increased by the tubnhir constructioiiy the time necessary for raising 
stetm ms greatly redooed. In the ease of the steam fire-enginto to 
wUeh this boikr was origiaaUy applied, a priae had been offered 
tor ttte engine wlndi ahoiiid raise steam and thnour a stream of 
water to a distanee of 200 feet in the shortest time from the moment 
of lighting the fire with cold water in the boiler : in one instance tliis 
had been done witli one of these boilers in less than 5 nnnutos, only 
4 mins. 50 sees., the lire being made with the most rapidly boruing 
materials, light pine wood and pitch. 

Mr. £. A. Oowran remarked that the tabular oonstmotion of 
boiler eertainly afibtded great &dli4y for getting vp steam in a diort 
time» owing to the eztent of heating snrfiMW ; and hj rednemg the 
quantity of water in tiie boOer tiie tapir] ity of ra^g steam might 
evidently be still fnrtlier increased. He remembered an American 
fire-engine b(.ilei that gained the prize for rapidity in raising steam, 
which was cout^tructed mainly of pipes, one pipe forked into two 
and these again each into two more ; but lie did not think any sudii 
eoDStmotion of boiler was practioally nsefal for oidinaiy purposes, 
and it appeared appUeable only for snob cases as steam firo-engmes, 
where the great points of importanoe were n^dily of raising steam 
and lightness of eonstmetion ;' in siieh instanees dnralnliigr was a 
minor consideration, and it did not matter so mnch if the boiler were 
burnt out after a short time of work. For ordinary use however he 
thought it would not be safe to haye so small a quantity of water in 
the boiler; for to obtain regularity in the pr os a nie of steam a 
considerable qnantilj of water was required as a reserve to fall 
back upon in case of deficient filing or over>flring. With respect 
to the principle of employing medumical means to prodace an 
artificial cireolation of the water, he thooght natural circulation 
was the safest to be depended upon ; for if the dnmlating pump should 
get out of order or stop working from any cause, the whole of the 
tubes would be exposed to be burnt down, ainoe the oirculation through 
them would cease. 

Mr. SmcBR thoqght there was not any real ground for olrjection 
against the use of maohineiy for iSb» purpose of genetatbig steam. 
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since experience prot«d tlMi dipMideiioe wtM tlttmdj plaieed iHih 
safety upon tlie coiistuut action of simple luucliines under variouH 
ci renins tances. W here an eOicient machine coukl bo obtained iie 
wonld prefer iu boi&q qubw, uui in the present instance, to rely ii]>on 
It rather than npon an action prodneed aaliml tmum whicli mi^^i 
IwliiMeWMciikntalktterfiBMoe: miiij good nuduiMt U wm laows 
iroold koop 4t mrk Ibr 20 yaan wiihosfc fidliiig} tad in iho pw tn t 
instenee he oonaidcNd ao simple » muUM m tiio onmibliQg pomp 
might safely be Tefied opoA for regular woildiig. The principle of 
mechanical circnlation carried out in this boiler appearetl to liini one 
of cpreat importance, and worthy of special attviaion as a valuable 
improvement in fiteeui bciltts, siiuse tlifi circulation in ofdiittry boilen 
WM so de£Mtm. 

Ifr. Bmrsov said he had been pnoteUy suHiwiiirted nith tbe 
woildiig of tuMsr bcnlen fat vumj j<mm; «id «U pienow boilivs 
liATing been dependent entiiely upon netond eimlatioa of ilie v«ter, 
it bad oconmd to him ^«t tabular boilora m paftiealar oeidd not 

prove successfnl in workuiL; unless a constant clrculatiou were main- 
tained ihron;.di the tul»es by mechanicai means, so a.s to be nnatfected 
by accidental circumstances ; the nnifonu mechanical circulation 
wonld also enable stoam to be laiaed more rapidJj, and the rate of 
evaporation wonld be xendeied mofle nnifccai. In n tnbnlar boikr 
o unatr Dc t ed willi apbal tnbea lie shonld ezpeot tbe inbaa wonld 
laat bnl n short time with natval ebcnlalMn, if the emponlioii 
were at all rapid, as the steam wonM be apt to keep back the water 
from the snrface of the tnbes : and sncli an arrancrement could be 
made succcpsful only l)y the adojition of a forced circulation of the 
water through the tubes, as he considered mechanical circulation was 
the eaaential fbatnre of the tabular boiler. With the en^loyoMttt of 
neduHueai oupoalatioa the tnbea of the boiler deaoribad in <he paper 
had been fonnd to be lemariBaUy free from inarnatotion; onexamimaip 
aavenl of them nAer 18 montfaa* woik ikb intent aodheea pieewitod 
the dear grey aj)pearance of dean mm witliout any signs of dirt, 
showing plainly that any dej)osit contained iti the water was effectnally 
cleared out of the tubes bj the m^^luuucai ciiGolatiou. and carried over 
into the receiver. 



Digitized by Go(igIc 



mam tiMoiB mbam voilkb. 275 

In tiie fiffli «ttomp4» at designing the boiler m series of volute 
coils of tulles had been triod ^vitll about 2U coils, the lower tubes 
being- ^ inch diameter and iiiereasing" in diameter to 2 inches 
in the top coil : an arrangement of forked tubes such as had hem. 
ittfenred to was also tned, but with these diricUd tebei it wts faaiMi 
itnposfible to koep up ft ngnlir mspfkf of irater to ail th« tabei 
I7 ifao ahapla feed poBp, and plam itnight tabes mus thaMfen 
■vbetitated. Jhm was stUl howofw too moeh lioi water eonstanflj 
in the ree ei v er and too Httle water hi the tabes, on aocount of 
the impossibility of ke<-|»ing the tul>es well tilled Aviih wat^T by 
means of the natural circulation alone ; and the idea of a forced 
circnlatiou of the water throngh the tubes then ooouiied, and was 
* oarried out by the addition of a amaU oimlating pump. little 
power was xeqiared to woiktlaapimip, asitwas oaljSiiiohesdianietsr 
witb a 10 inoh stroke and thsfo was tke same preasiiM of steam onbotli 
sides of the pomp, the only reristaaoe tobeoreroomebeuigtliefrietmi 
of the water in its passage throngli the tabes. Tiw sharp bends at 
each end of tlie tubes increased the resistance, but had tlic odvantag-e 
of impeding the motion of the water and thereby ensunng a ihuiuugh 
oontact of the water with the entire ext >nt of heating surface. The 
screwed ends of the tubes were Bade slightly conical, so as to jam 
ti^t into the east inm bends, and at first a little linseed oil was 
iififdied to malra the joint thoroogUj stesm-tigiit ; but this was fomid 
not to be neooKtar} , and it was only requisite to take oate the screw 
threads were clean in screwing together, and then after a few days' 
working the joints were so tight that they frequently could not be 
nnfcrewed, hnt the ends of the tubes were twist-ed olT bi'fore the screws 
would stir. In two boilers containing eacli 720 joints screwtjd m this 
manner, not one out of the whole 1440 j<Mnt6 leaked after first putting 
togerther. For ve^Mng a defectiT« tube in any seottott of the boiler, 
the tunon joints at top and bottom ooimoeting it with Ike reeeiver wwe 
imsorewed, and the entire section taken out in about 5 mtnntes ; the 
tnbe was then out off at each end near Hie socket^ and the two reauonin g 
end pieces were ^ot out by cutting a longitudinal chase in th< m with 
a chisel and then collapsing them with strong tongs, without damaging 
the screw threads in the socket. The new tube to be put in was made 
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in two kngkha joiDed bj a kog Berawed aookat, to tXUm of getting it 
ia vrilJiont distarbing tho otiiar tabee. 13ifl wbola opention was doDo 
in about SO minntes, as qmeklj as a tnbe conld be i^laoed in ordinaty- 

tubular boilers. In the first boilers made the tabes had been placed 
rather too close together, with only ^ inch Rpaco^, uiiioli did not allow 
sufficient drnnp^ht Iti'tween thcni ; they were now fixed wiili inch 
vertical spaces, but the horizontal spaces were left j inch. Good 
combustion of the ftiel with this oonstmction of boiler was obtained bj 
baTing the loweet row of tobes about 8 feet bigh abore the grale. 

Tbe new boi]er was speeiaUj designed at ftni for stesm fife-snginee, 
and was tben made to contain onlj S cobie ^Mft of water in tobea 
and 6 ctibio feet in the whole boiler. The boiler was kept standing 
ready for use, with no water in the tubes ; and immediately that the » 
fire-bell rang, a tire of yery light pine wood was lighted under the 
boiler and half the water turned into the tubes ; the engiueman then 
worked the circulating pump by hand, and in 5 minutes the engine was 
rsadf for throwing water witb 60 lbs. steam. In one of tbe trials 
^made as to rapidity of rsising stesm from sold water, steam of 60 lbs. 
pressure was raissd in as sbort a time as 4 mins. 86 sees. In attsadi 
esses the amount of water in the boiler was purposely Tcry small ; but 
boilers intended for stationary engines would have a larger quantity of 
water, and might be constmcted to contain any quantity that was 
thought suitable : the time re<|(iired for raising steam would then of 
course be increased, and for ordinaiy Stationary engines 40 or 45 
minutes mi^t be required for gettiaig op steam. A statiottary boiler 
of this oonsinifltion with dOOsqnars feet of healing svr&oe bad been at 
work at Oinciinnati for 16 months before be left America in Jane 1858, 
snpplying steam to an engine driving a machine shop, snd both engine 
and boiler were attended to by ahoy 14 years old : for stopping during 
the dinner hour it was only ueccf?sary to stop the circulating; pump, 
damp the fire, and shut the firedoor and aslipan, and the boiler thcu 
stood for an hour without any injury to the tubes. 

With regard to the evi^KiiatiTe duty of the new boiler, an 
experiment bad been made with one of the boilers in a steam fire- 
engine m Ameriea, with 800 square feet of heatiqg sorftoe, and it 
evaporated 11 lbs. of watsr per lb. of coal ; the preasors of steam was 
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80 lbs. per eqnraw inch, «nd ike ftiel liltiiiiiiiioias ooiil. In this case 
ths draui^lit tlnuugli ilic furuace was weak, the chimnej bciu^ uiil^ 

6 or 7 f ' > t biirh. 

Mr. E. Jokes asked whethur any of the boilers were at work jet 
in tlus eonntry, as lie remembered having seen one in firoeeee of 
mtfrafiustnre at Wednesbmy moce iban n jear ago, 

Mr. Bfbhoib replied iiiere Me not anj of the boikn irarlang at 
preeent in tide ooontiy, hat two were being macle, which would be got 
to work in London shortly. One of the boilere had been eonetmeted 
at Newcastle, and bad been tried there for 1-i days eontinnonsly with 
Bait wat<}r ; and only inch thickness of deposit was toinid in the lower 
tubes at the end of that time, with soaroelj any scale in the upper 
tubes, thoogh the water need was mnoh more ealt than was allowed 
in marine boilers* 

Mr. J. IjxwLAW observed that in refarenee to npidilj of Taieing 
etesan he did not think this was a point of mnoh advantage for ordinaiy 
statSonary boflers, beeanse with so msuSH a quantity of water the 
pressure would go down Rgnm as quickly as it was raised, and would 
be more affected by ineguiarity in the firing. He enqnired how the 
proper proportion of water was ensured to each section of the new 
boiler without a separate circulating pump for each section. 

Mr. Bivsov rq^tied that the apertaree of the branoh ppes leading 
to each section cdT the boHer wen regidated in am of passage to fhe 
Teqnired extent for ensoring an equal distribiition of the water, the 
openings nearest the circnlatbg pump being the smallest Oochs had 
also been used for the purpose on each branch in some of the boilers, 
but he preferred to regulate tlie suj^ply by the size of the aperture, by 
which the distribution of water was mado permanently correct. The 
oircalating pump worked with a simple slide valve with no lap, which 
kept up an tmintanipted current of water. 

Mr. SpiaoiB remaiked that there had been a good piactieal trial 
of small tabes in the hoi-water warming appamtu employed bj Mr. 
Prions of London, who had now had one set of the tabes in eonstant 
work for IS years wiih only natand eirealation of tibe water, without 
any injury to the tul>es ; it thus appeared that even without the 
adoption of mechauival circulation tubes would last for a long time 

p2 
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llx. Bnraov observed that an esseatial point in this constrnction 

of tubnlar boiler was tlio use of a receiver from which the steam was 
drawn, for it would be impracticable to work Mich a boiler without the 
receiver, as ihe steam oould not be obtained diy if taken off direct from 
tli« tabes ; and by increasing the size of the reoalTcr tba qnantity of 
Hilar ooBtamid in tlie boikr cookl be inoreMed to any extend danied, 
while tba am of liaating nffroe lemnned ^nudterod. 

The Oeaomas proposed » Tote of tiieakB to Mr. 8peno» for hii 
paper, and also to Kr. Benaon, whioh was passed. 



Ihe meeting then (enniaatod* 
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